AP Bio Notes – Made by Matt Ferraro, Pavel Gurevich, and Jun Huang.  "This is the product of our hard work and COUNTLESS hours, please be honest and buy your own copy if you want one, it DID take us many, many days to put this together. We cannot prevent you from just giving it away to your friends, and we know some of you will, but please respect our time and work by telling your friends to spend a very small amount of money on a HUGE study guide.  
Buffon – Things change over time
Linnaeus – Father of taxonomy genus species

Erasmus Darwin – wrote about things changing

Lamark – use and disuse, aquired characacteristics (stretching a giraffe’s neck)

Malthus – Must be a struggle to survive or a species will use up all their resources
Cuvier – catastrophism (new species moves in to take place)

Hutton – gradualism of earth (not life)

Lyell – Uniformitarianism (Added to hutton)

Charles Darwin – five tenets (characteristics)


1. Like begets like sorta


2. More offspring produced than can survive


3. chance variation


4. some variations are good, some bad (natural selection)


5. Accumulated variations lead to a new species

I. Evidence of evolution: Homology, biogeography, fossil records

Homology – similarity in characteristics resulting from common ancestry


Homologous – same physical part, different use (cat’s paw, whale’s fin)


Analogous – different part, same use (bird wing and insect wing)


Vestigial – remains of a structure that has no use (human tail)

Embryological homologies – homologous structures in embryos that become different things later on

Molecular homologies – everything has the same genetic code, but organisms are very different (also, most animals have hemoglobin)

Biogeography – geographic distribution of species


Endemic – animals that are found nowhere else in the world

Phylogeny – the evolutionary history of a species or group of related species

Fossil record – order and array in which fossils appear in layers of strata (sediment)


Fossil are not actually remains, they are rocks which are replicas

Relative dating – what’s around the fossil?

Absolute dating – Carbon 12, Carbon 14 (radioactive) (amount of C14 left in organism)

Geological timescale


Precambrian – earth forms. Cells, algae


Paleozoic – algae, plants, fish, bugs, reptiles


Mesozoic – dinosaurs, flowering plants


Cenozoic – mammals, apes, ape like humans, ice ages, historical time

II. Origin of Species

Cladogenesis – budding of one species from a species that already exists (now 2 species)

Species – kind or appearance (literal definition)

Ernest Mayr – in 1942 makes the biological species concept

Defines a species as a population or group of populations whose members are capable of interbreeding with each other in nature and producing viable, fertile offspring

Thus, only biological barriers – not geographic barriers, are what separate species from each other

Concept: nature evolves these reproductive barriers that will prevent the interbreeding of different species, because doing that is a waste of energy and time; there is no point to it.

Pre-zygotic barrier: stops a zygote from being formed (of two different species)


Behavioral isolation – different signs females put up for mating

Temporal isolation – two species that breed at different parts of year cannot breed with each other, or different times of day

Mechanical isolation – reproductive organs aren’t compatible

Gametic isolation – sperm cannot survive in foreign egg

Post zygotic barrier: prevents a hybrid offspring from becoming fertile or viable


Reduced hybrid viability – baby doesn’t develop, or develops badly


Reduced hybrid fertility – hybrid unable to breed with either parent species


Hybrid breakdown – if hybrid does breed, kids will die or be very weak

Fruit flies, plants from different regions, other organisms used to test these.

Allopatric speciation – when geographic isolation prevents the new species from breeding with ancestor, even if they come into contact (a mountain range separates two groups of the same species. Over time, they change. When the mountain range erodes away, the two species are no longer able to interbreed)

Sympatric speciation – new species created within the parent species (a grove of trees that is somehow different from the forest around it)

Punctuated Equalibrium – evolution could have occurred in bursts

Biological speciation – reproductive barriers between species

Ecological species concept – species is defined by the environment that it lives in (accommodates asexual species)

Pluralistic species concept – Combo of reproductive barrier and unique niche

Morphological species concept – defines species as a unique set of structural features

Adaptive Radiation – when geographic speciation makes new species, then the new species meets and coexists with the parent species. This creates different species on an island (Darwin’s finches on the canary island archipelago)

Micro evolution – whole species changes to adapt, but stays the same species (white moths turn gray) ie: industrial melanism.

Macro evolution – change on a large scale, creates new species

Artificial selection – intentional breeding of animals (dogs)

**Side note: Lichen is a symbiotic relationship between a fungus and an algae (light green)

**Side note: Sickle cell = misshapen red blood cell, cannot carry enough oxygen

Thermodynamic laws:


1. Conservation of energy – you can change the form of the energy, but cannot create or destroy it


2. The entropy of the universe is increasing – every transfer of energy leads to more entropy

Entropy: the measure of disorder in the universe

Free energy: the energy in a system that has the potential to do work

A spontaneous reaction is one that ends up with the product having less energy than the reactants. ie: ATP will spontaneously break down, given enough time.  ADP and an inorganic phosphorous will NEVER spontaneously turn into ATP

Catabolic – breaks down

Anabolic – creates, builds up

Exergonic – energy given off

Endergonic – energy put in

**side note: the more free energy (the more potential energy), the less entropy there is.  A cell has less entropy than its surroundings.

Concept: Life lives at the expense of the entropy around it

Hypertonic – Higher solute concentration (not specific to inside or outside the cell)

Hypotonic – Lower solute concentration (not specific to inside or outside the cell)

Diffusion: The spreading out of solute into the surroundings

Osmosis: the accumulation of water across a membrane so that the side with more solute becomes more diluted (this is because the solute is unable to travel through the membrane

Molecules of Life:

Covalent Bonds – share electrons

Ionic Bons - + attracted to –

Purines – double ringed, Adenine and Guanine

Pyrimodines – Thymine and Cytosine (and Uracil)


Tip: the word pyrimodine has a Y in it, so do thymine and cytosine

More H+ ions means it is acidic 

Less H+ ions means more basic

An acid: a chemical that produces H+ ions

A Base: a chemical that takes in H+ ions

Carboxyl group – COOH (acidic because it tends to lose its H)
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(see page 58)

Hyrdrophilic – is polar, loves water, can dissolve in it

Hydrophobic – is non-polar, hates water, cannot dissolve in it

Enzymatic pathway: several enzymes used in order, like an assembly line, each doing one small thing to the substrate, to produce the end product

Feedback Inhibition – When the final product of an enzymatic pathway turns off the first enzyme by inhibiting the enzyme at the allosteric site.  (if there is too much of the final product)

Concept: Leaving an enzymatic pathway turned on is a waste of energy and resources.  Cells do NOT like to waste energy or resources. This concept is key in understanding operons and eukaryotic gene control

Open system – The intake and outflow of energy keep going so the generator never reaches equilibrium (imagine a running engine that you constantly keep adding gasoline to.  It will constantly put out kinetic energy).  A cell is an open system.

Closed system – will reach equilibrium.  If your cell reaches this energetic equilibrium, it is dead.
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How can things affect the reaction rate of an enzyme?


1. Ph – different enzymes work at different optimal Ph’s.  the wrong Ph would make the enzyme slow or denatured


2. Temperature – Different enzymes work at different optimal temperatures. the wrong temperature would make the enzyme slow or denatured


3. Substrate concentration – The more substrate there is, the more likely it is for an enzyme to bump into it. Therefore, the more substrate, the faster the reaction TO A POINT.  When there is way more substrate than the enzyme could possibly bump into anyways, then adding more substrate does not increase the reaction speed.


4. Enzyme Concentration – The more enzymes there are, the faster the reaction (duh), but this is also TO A POINT. If you have so much enzyme that you run out of substrate, the reaction is completely done and over with.  So really, its not to a point.

Competitive inhibiter – to the enzyme, it looks like the substrate, and it pops into the reaction site.  It then stays there and stops the enzyme from properly working

Noncompetitive inhibitor – pops into allosteric site and disables the enzyme by changing its shape. 

Cellular Respiration

Overview: all cells go through Glycolysis.  After that, the Pyruvic acid can take three different routes, depending on the presence of oxygen and the type of cell it is in.
Glycolysis:

C-C-C-C-C-C (    P


     (     P 
                                  P    ( 




C-C-C-C-C-C

            C-C-C-C-C-C





P                                  P      (     (dehydrogenase)  P                     P     +    P                  P

C-C-C  +  C-C-C     



     C-C-C                        C-C-C

Kinases (Which fling POOO), give off 4 ATP’s (by substrate level-phosphorylation).  

Totals for Glycolysis:


-2 ATP


+4 ATP


+2 NADH ( will turn into FADH2 ( 4 ATP later
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Alcohol Fermentation – In a non-animal cell, the pyruvic acid loses a CO2, becoming ethanol and releasing a little bit of energy in the process.  The ethanol is not utilized by the cell.
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Lactic Acid Fermentation – In animal cells, the pyruvic acid turns into lactic acid, releasing a little bit of energy in the process. The lactic acid is not utilized, and must be flushed from the cells and the body.  Lactic acid is what causes soreness after working out.
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Respiration: 

Krebs Cycle
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Krebs totals:

+8 NADH  ( 24 ATP

+2FADH2 ( 4 ATP 







36 Total

+2ATP ( 2 ATP

+2 ATP from glycolysis


+2 NADH ( 2 FADH2 ( 4 ATP from glycolysis

Electron transport chain:

The two extra electrons given off by the NADH are what jump between the complexes.

They start at the Flavo Protein complex, which expels three H+ ions into the intermembrane space.  Then they jump to the Q, which also gives off three H+ ions.  They then jump to the iron sulfide complex, which does NOT expel three H+ ion.  The electrons then jump to a cytochrome C , which does nothing.  Then they jump to a few more cytochrome C’s, which are also useless.  Then they jump to a big cytochrome C complex, which finishes the chain by expelling three more H+ ions, and using the electrons to reduce the Oxygen at the very end of the chain.


FP      Q     FeS       CytC    CytC     CytC    CytC      CytoC Complex

ETC totals for NADH

9H+ ions moved to intermembrane space (which will later create three ATPs)

-1 NADH

+1/2 an H2O molecule



FAD protein         Q      CytC     CytC     CytC    CytoC Complex

If the transport chain starts with FADH2, it only yields 6 H+ ions moved to the intermembrane space, which will later create 2 ATPs.
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Early Earth
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Successive thought on origin of life:

Mice grew from nothing (spontaneous generation)

Life comes from life (biogenesis). Pasteur

Life from non-life (everyone else)

Successive Scientists:

1920’s: Oparin and Haldine – 3.9 billion year old earth, noticed the lack of rust on rocks from that period, and realized there was no oxygen. “Hot, young sun so more UV rays, no ozone layer, so mutations are more likely, lots of gases like methane, CO2, Nitrogen, volcanic activity, lightning, meteorites”.  Spontaneous generation IS possible.

1953: Stanley Miller – Proved that organic monomers from inorganic molecules.

Recreated early earth.  And found amino acids and stuff

19…: Sydney Foxx – used Fe++, Mg++, Zinc++ to attract the monomers to each other (found in clay).  Used amino acids, acetic acid, salt, water, lots of heat.

monomers  ( polymers  ( bubble

bubble + enzymes + nucleic acids ( fred

protobiont – before life (bubbles)

protenoid microsphericals – bubbles made of proteins

liposomes – bubbles made of lipids (fats)

coacervate droplets – bubbles made from both lipids and proteins

Lynn Margulis: endosymbiotic theory (phagging, living together in one cell)
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3.9 – origin of life (Fred)

2.7 – Cynthia (cyanobacteria [give off oxygen])

2.5 – Harry (mitochondria like)

2.2 – Single celled eukaryotes

2.1 – Fred meets hairy…and phags him

1.5/1.2 – multicellular eukaryotes

Prokaryotic Structure

Gram positive – has regular plasma membrane and peptidoglycan cell wall, gram-staining solution turns bacteria purple/blue

Gram negative – has extra lipopolysaccharide membrane, gram-staining solution remains red/pink
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Cell wall – protection, structure, keep it from popping (lysing)

Pili – sex (conjugation) or to stick onto things, grab food

Mesosome – a little bubble that forms as bacterial cell phags something.

Prokaryotic transmission of DNA:

There are three ways that bacteria can transfer their DNA/have DNA transferred to them.  They are:


1. Transformation


2. Transduction


3. Conjugation (regular or high frequency)

Transformation:

when the bacteria absorbs a loose plasmid from its surroundings usually the plasmid must have come from a bacterium of the same or similar species. 

Transduction:

When a bacterium is taken over by a virus, the virus chops up the bacterial DNA and it floats around in the cytoplasm. The virus, while producing a whole bunch of other viruses, accidentally puts a little bit of the bacterial DNA inside a viral capsid. This viral capsid is still functional, so it flies out and infects another bacterium, injecting the first bacterium’s DNA into the second.
Conjugation
Bacterial sex!

Plasmids


R – resistance to antibiotics


F – Fertility to conjugate 

If the bacteria has the F plasmid, it is F+, or male

F- is female, lacking the plasmid to conjugate
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List-O-Fun

	Eubacteria
	Archaebacteria
	Eukaryotes

	No MB nucleus
	No MB nucleus
	MB nucleus

	No MB organelles
	No MB organelles
	MB organelles

	Circular DNA 1 main ring
	Circular DNA 1 main ring
	Linear DNA, 2+

	No introns
	Some introns
	Many Introns

	No histones
	Histones
	Histones

	No cholesterol in membrane
	Cholesterol
	Cholesterol

	Peptidoglycan in cell wall
	No peptidoglycan in cell wall
	No peptidoglycan in cell wall

	1 type of RNA polymerase
	Many RNA polymerases
	Many RNA polymerases

	First AA is formyl-methionine
	Regular methionine
	Regular methionine

	Respond to antibiotics
	Doesn’t
	Doesn’t

	Small
	Small
	Big

	Flagella (flagellin) (circulatory)
	None
	Flagella(tubulin) (undulatory)

	Asexual (binary fission)
	Fizz
	Mitosis

	Small spherical ribosomes
	Same
	Large funky ribosomes

	
	extremophiles
	


Mutualistic – both are helped (The little fish that clean the bigger fish and meanwhile get a meal) 

Parasitic – one is helped, the other is harmed (worm living off a human)

Commensalistic – one is helped, the other isn’t affected





Energy source

carbon source

examples

Chemo

autotroph 
inorganic stuff

       Co2
    deep ocean bacteria

Photo

autotroph               light

       Co2
  plants, cyanobacteria

Chemo

heterotroph
organic food
           organic things
        animals, fungus

Photo

heterotroph            light

organic stuff
    certain prokaryotes

Obligate aerobes  - must have oxygen

Facultative anaerobes – can use oxygen but don’t need it

Obligate anaerobes – will die in the presence of oxygen

Protists – Perry (paramecium), Chlammy (Chlamydomonas), Amoeba, Ugly (Euglena)

Euglena: 547
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Paramecium: 558-559
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Amoeba – moves by pseudopodia (fake feet), also gets its food that way.

Chlammy:
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Volvox is a colony of cells like chlammy.

Cell Cycle and Mitosis:

G1, S, G2, Mitosis, Cytokinesis 

Protein sythesis happens largely in G1. some cells remain in G0

In S, it copies its chromosomes.  G1 and G2 are growth
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Mitosis:
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Binary fission:

Cleavage furrow
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Cancer - A cancerous cell does not exhibit density dependency inhibition, anchorage dependent inhibition, or pretty much any other kind of inhibition. They grow like crazy, crowding out and damaging other cells.

Metastasis - Because they exhibit no anchorage dependency, they can get into the bloodstream or lymphatic system and spread to other regions of the body

Proto-Oncogen – a gene that functions properly, but if mutated or messed around with, it will cause cancer

Oncogen – a gene that causes cancer

Ras protein as a means to cause cancer

The function of Ras:

A receptor protein on the cell membrane activates the Ras protein

The ras protein phosphorylates the enzymatic pathway

The enzymatic pathway creates a transcription factor

The transcription factor attaches to the promoter for cyclin

The cell makes a lot of cyclin

The cell undergoes mitosis

Ask yourself: what would happen if the Ras protein was always turned on? 


1. it would always turn on the enzymatic pathway


2. cyclin would constantly be created


3. uncontrolled mitosis….CANCER

The gene that codes for Ras is a proto-oncogen because if it is mutated and creates a form of ras that constantly turns on the enzymatic pathway, it will directly lead to cancer.

Another proto-oncogen:

P53 – a protein that scans your DNA checking for mistakes.  If it find a mistake, it tries to fix it, but if it cannot fix it, it will immediately stop replication and initiate apoptosis

Apoptosis – When a cell creates enzymes that cut up pretty much everything inside the cell.  This causes the cell to be extremely hypertonic (high solute, low H2O), to the point where extreme osmosis makes the cell explode.  Cell suicide.

If mutated, the P53 gene will NOT be able to fix mistakes, and will NOT initiate cell suicide in cells that are mutated.  If mutations are allowed to be replicated, cancer has a higher chance of occurring

**Concept: if the Ras gene is mutated, the DNA will probably be fixed by P53, or the cell will commit suicide.  If the Ras gene is mutated AND the P53 gene is already mutated, then cancer will occur.

Meiosis:

This is when a diploid cell splits into four cells, all of which are haploid.  This happens in humans when one germ cell turns into four sperms, or four eggs.  

**Side note: in humans, when four egg cells are created, three of them are considered “polar bodies” or “barr bodies”, and they die off, leaving only one viable egg.
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Three types of sexual life cycles:

Animal:

Spend most of time diploid  ( reproductive organs facilitate meiosis ( one of the gametes fetilizes another, and creates a diploid zygote which creates a diploid organism

Diploid (most of time) ( haploid (gametes) ( diploid (zygote) ( diploid (organism)

Fungi:

Spend most of time haploid ( haploid cell undergoes mitosis (remains haploid) ( joined by another gamete and is fertilized and creates a diploid zygote ( zygote undergoes meiosis and creates four haploid cells (spores) ( spores develop into haploid organism

Haploid (most of time ( diploid (zygote) ( haploid (spores) ( haploid organism

Plant:

Spends most of time as diploid ( creates four haploid spores ( haploid organism ( haploid gamete ( diploid zygote (fertilized by another gamete) ( diploid organism

Regular plant cell ( spore ( haploid sexual organism ( haploid gamete ( diploid zygote ( regular plant cell

Gamete – haploid cell that will join to become a diploid zygote

Spore – haploid cell that will develop into a haploid organism

Gametophyte – creates gametes

Sporophyte – creates spores

Essay question: Why is there meiosis?

Because meiosis creates genetic differences between the cell you started with and the cell you end with.  This creates a LOT of variation, which is the raw material needed for evolution to occur.  If there was only mitosis, all offspring would be identical to their parents

Structure of DNA:
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hydrogen bonds form between purines and pyrimidines to join the two sides of a DNA ladder

Meselson and Stahl experiment: to find out if DNA replication is Conservative, semi-conservative, or dispersive.

[image: image24.jpg]



DNA replication:

1. Helicase – breaks hydrogen bonds between nitrogenous bases, and then topoisomerase untwists the ladder.
2. Single-stranded binding proteins – keep DNA from closing back up and becoming coiled again

3. Primase – places a short RNA primer on the lagging strand of DNA so that the DNA

polymerase can start somewhere.

4. DNA Polymerase – adds complementary nucleotides to the parent strand of DNA.  Can only build in 5`(3`.  It reads 3`(5`. On the leading strand, it pushes towards the replication fork; it is working in the direction away from the replication fork on the lagging strand.

5. a second type of DNA polymerase – replaces the RNA primers with DNA nucleotides

6. Ligase – stitches together the unbonded nucleotides by creating covalent bonds

7. Nuclease – cuts out mismatched nucleotides on the new DNA

8. a third type of DNA polymerase puts in the correct nucleotides

9. Ligase again – stitches together the broken DNA ladder

Genetics of viruses and bacteria:

Operons: ONLY IN PROKARYOTIC CELLS!!!!! 

Purpose – to turn on or off certain enzymatic pathways.  The reason this is necessary is because it is a waste to create enzymes if they are not needed, because creating proteins takes a lot of energy and resources.  Wasting resources is bad.

In an inducible operon, there is a protein bonded to the operator region that keeps the operon turned off almost all the time.  When for instance a sugar such as lactose enters the bacterial cell, and the bacterial cell wants to digest lactose, it has to turn on the enzymatic pathway that can do so.  The lactose bonds to the repressor protein, changing its shape and removing it from the operator.  The operon is then free to be transcribed and made into enzymes.


The lactose itself is considered an “inducer” because it induces the operon to be activated.  It is the inducer because there is an abundance of it in the cell now (otherwise, you wouldn’t need to digest it).  So when lactose binds w/ the inducer, the inducer changes shape and flies off the operator.  Transcription can now occur.


Repressible operons are ones that can be repressed by a co-repressor.  This can be done through a process of feedback inhibition where the final product can join with the allosteric site of the repressor and make it bind to the operator.  This happens only when the final product, call it Z, is in an abundance amount.

Side note:  There is also something called CRP.  This is cAMP recognition protein.  When there is an abundance of cAMP, there is little glucose.  And when there is a lot of glucose, there is little of cAMP.  So when there is a lot of cAMP (little glucose), the cAMP binds to the CRP, which is, in a way, a repressor.  When cAMP binds to the CRP, the CRP attaches itself to the promoter of the bacteria’s gene and RNA polymerase cannot attach to the promoter.  Thus, transcription doesn’t occur.       

Primary – sequence of amino acids

Secondary – localized folding creates what is known as alpha-helix and beta-sheets

Tertiary – complete 3-d folding of the protein

Quaternary – shape of a protein when it is bonded with another protein
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Hyphae – small segments of the fungi

Mycelium – The interwoven mat of hyphae underground that absorbs nutrients. 

Septa – walls that divide individual cells of a fungus.  Not all fungi have septa

Coenocytic fugi – a fungi without septa

Haustoria – part of a fungus that parasitizes a plant cell.

Plasmogamy – the fusion of two fungal cells

Karyogamy – the fusion of the actual nuclei, after plasmogamy

Heterokaryon – “different nuclei”, the name given for when a fungal cell has more than one nucleus, after plasmogamy, before karyogamy

Gametangia – when two gametes join together

Mycorrhizae – mutualistic association with the roots of plants
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Zygomycota:

These fungi can reproduce asexually (mitosis only) by forming sporangia that expel spores, spreading the fungus.

They can reproduce sexually when two fungi join (they are haploid).  They can fuse together and create a zygosporangium, which is heterokaryotic (the cells fuse, but the nuclei do not).  This zygosporangium are extremely tough, resistant to freezing and dring and are metabolically inactive (suspended animation)

Side note: the zygosporangium does not just become diploid, it has many different nuclei, and becomes multi-diploid (not a real word)


This zygosporangium later grows a sporangium, where meiosis takes place and haploid nuclei are dispersed.

Ascomycota:


 These fungi can also reproduce asexually (mitosis only) by forming an asexual reproductive cell (not called a sporangium) that creates conidia. Conidia are asexual spores that are NOT formed inside a sporangium.
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their sexual life cycle is when two fungi of different mating types join, and several of the nuclei collect in one cell called the ascogonium (female).  The ascogonium has branching from it a network of cells that are all dikaryotic.  They are interwoven into a network of cells that are all haploid.  This entire collection of cells, the sexual fruiting body, is called an ascocarp.  This is found above ground.


There are parts of the dikaryotic hyphae(in the ascocarp) that branch off and are called asci (ascus in singular).  IN the ascus, karyogamy occurs and the 2 nuclei fuse into one.  The diploid cell then undergoes meiosis.  Then, the 4 haploid nuclei mitose to create a total of 8 ascospores in the ascus. Then, the spores are released into the air and they spread out.

Basidiomycetes
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Note: it does ont say in the book whether or not this fungus can reproduce asexually or not

Reproduction:

Start with two different fungi.  When 2 fungi have different mating types, they undergo plasmogamy – forming a branch of dikaryotic cells.  They form a dikaryotic mycelium which develops into a basidiocarp (a mushroom [above ground])  On the undersides of these mushrooms there are things called gills, which is where certain dikaryotic cells become diploid cells.  These special diploid cells undergo meiosis (of the nucleus only).    These cells which have 4 distinct nuclei from four spores each.  It is these spores that are released into the wild and become new fungi.

Basidiospores can sometimes form a “fairy ring.”  This is because as the underground mycelium grows outward, the center portion and the mushrooms above the center portion die because they have consumed all the nutrients.  Thus, the living mycelium is an expanding ring that produces mushrooms above it.  

Labs:

Transformation Lab :

· Zone of adhesion – small hole in bacterial membrane and cell wall that foreign plasmids can enter by.  

· CaCl2 has a positive charge to neutralize the negative charge of the membrane and the DNA plasmid.

· Heat shock – Rapid change in temp. that causes extreme water currents in and out of the cell to help the foreign DNA to be absorbed by the cell.

· The plasmid also has ampicillan resistance so only bacteria that have been transformed will be able to survive on the plate that has ampicillan.  

· The pGreen on the plasmid made the cell glow green under fluorescent light

Cellular Respiration Lab

· C6H12O6 + 6O2 ( 6CO2 + 6H2O +686 kilocalories of energy per mole of glucose oxidized

· 3 ways to measure rate of cellular respiration: 1. Consumption of O2

                                                                                2. production of CO2

                                                                                3. Release of energy

- In the lab, we used consumption of O2

- IN this experiment, the CO2 produced will be removed by potassium hydroxide (KOH) and will form solid potassium carbonate(K2CO3)

CO2 + 2KOH ( K2CO3 + H2O

· Since Co2 is being removed, the change in the volume of gas in the respirometer will be directly related to the amount of O2 consumed

· Therefore, if Water temp. and volume remain constant, the water will move to the area of lower pressure

· During respiration, O2 will be consumed so its volume will be reduced because the CO2 being produced is being converted into a solid

· The net result is a decrease in gas volume within the tube and a related decrease in pressure in the tube

To design a controlled experiment:

1. search the literature

2. state hypothesis

3. manipulate one variable

4. hold constant all other variables that could affect the experimental results

5. identify the control group

6. make quantitative measurements

7. verify the experimental results (repeat the experiment)

8. statistically analyze the results

9. relate the results to the hypothesis   

**side note – most fungi build their cell walls out of chitin

Bio Technology

Transcription, translation

Bio Tech:

How to make a clone of a “I rock at biology” gene

1.Cut the gene from donor’s DNA using appropriate restriction enzyme (BAM or HIND3 or something) in order to isolate the gene of interest.  However, it is difficult to physically isolate the exact gene you want, so you just chop up their entire genome.  This chopped up stew that includes all their chopped up genes is known as gDNA, for genomic DNA.

2. Cut plasmid of choice using same enzyme (probably bacterial plasmid)

3. mix the chopped up gDNA with the cut up plasmids. The sticky ends will come together. This creates four possibilities.


a. The plasmid closes in on itself and nothing useful happens. We are left with a 
functional plasmid with nothing new inside it.


b. the wrong gene segment from the gDNA goes into the plasmid and we are left 
with a functional plasmid that contains the wrong gene.


c. the correct gene goes into the plasmid, creating a recombinant plasmid that 
contains exactly what we want – the I rock at biology gene.

4. add DNA ligase to stitch together the ladder itself, creating fully functional DNA.

5. TRANSFORMATION – mix the plasmid and the bacterial (usually use bacteria) cells together. How to transform:


a. mix the two together


b. add calcium chloride to neutralize the charges of  the plasmid and the 
membrane.


c. heat shock them by getting everything really cold, then really hot.  This causes 
water currents to bring the plasmid inside the bacterium.

Time to learn more about that plasmid:

a. it contains a kanomiacin resistance gene

b. it contains a lactase operon that contains a restriction site. This is the place where the cut is created in the plasmid, allowing the gene of interest to be spliced in.

This creates four possibilities.

a. the plasmid doesn’t go inside the cell and when we grow the bacteria on a kanomyacin plate, the bacteria dies because the kanomyacin kills it.

b. One of the plasmids that closed in on itself (still has active lac operon) is grown on the plate. Since it HAS the kanomyacin resistance gene, it survives. Since it still has a working lac operon, it digests the xgall and the colonies of this type of bacteria turn blue.

c. One of the plasmid that has the wrong gene is taken into the bacteria. This bacteria contains the kanomyacin resistance gene, so it survives, but it’s lac operon is broken by the new gene, so its colonies are white.

d. One of the plasmids that has the gene of interest is taken into the bacteria. This bacteria contains the kanomyacin resistance gene, so it survives, but it’s lac operon is broken by the new gene, so its colonies are white.

6. To find the difference between c and d, you blot the plate with nitrocellulose paper. This leaves a little bit of each colony on the paper.

7. treat the blot with detergent to denature the DNA (make it single stranded).

8. add a radioactive probe so that certain spots on the nitrocellulose paper (leftovers from the colonies) will glow radioactively.

9. Match up the glowing spots on the nitrocellulose paper with the colonies on the plate. Now you know exactly which colonies contain the gene of interest. Isolate these colonies and grow them on a new plate to give you exactly what you were after – a bunch of bacteria growing in colonies, all of them containing the gene of interest. You can harvest the gene of interest later, or the protein created by this gene however you want to.

Two main problems with this:

a. the gene of interest will probably not go into the plasmid because there is a crapload of waste gDNA, when all we want is that one gene from it. Because of this, it takes forever to actually create the correct type of recombinant DNA plasmid.

b. bacteria are prokaryotes and therefore do not have splicesomes to alter the RNA that is created.

To fix these problems:

1. use a eukaryotic cell (like yeast) that has splicesomes instead of bacteria

2. use complimentary DNA (cDNA) made from RNA, through reverse transcriptase to create a strand of DNA that does not need to be spliced, because it contains no introns.

Note: annealing is when the probe joins with the single stranded gene of interest. This is also known as DNA hybridization.

Southern Blotting:

1. Do gel electrophoresis

2. Blot the plate using nitrocelluse paper

3. Denature the DNA on the paper using detergent

4. Add a radioactive probe that will attach only to certain sequence of DNA

5. expose the blot to film, so you can see and compare which spots of the blot contain the radioactive probe.

From all this, you can find differences in different individuals because comparing a straight gel electrophoresis of individuals will give you way too many bands to see anything useful. This way, you’ve isolated certain bands and made them radioactive. This makes it possible to compare differences.

Polymerase Chain Reaction (PCR):

Taq DNA polymerase comes from thermos aquaticus, which lives in a hot spring so it can take the heat.

Purpose of PCR: create many copies of a DNA fragment quickly, without using restriction enzymes.

What you need:

Thermal cycler

Deoxynucleotides (naked!)

Two types of primers

Buffers

1. denature the DNA (94o Celsius)

2. let the primers anneal (cool it down to 55o Celsius)

at this point, the primers and the taq polymerase have started replicating the DNA

3. let the DNA elongate and replicate (up to 72o Celsius) 
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How to find the exact sequence of DNA using a fragment:
You can learn this by reviewing the different colored sheets of notes.

Pay attention to Mr. Grimm when he explains this – its way complicated. 

Know that you need a primer that attaches to the first few nucleotides of the targeted DNA, and that you need plenty of deoxynucleotides and something special called dedeoxynucleotides (terminate the replicating DNA)

Chromosome walking:

Start with two copies of denatured DNA. One is cut with HIND, one is cut with BAM. You need to already know the first few nucleotides if you want to do chromosome walking. If the first few nucleotides happen to be AAAC, you make a primer that is TTTG, and let it anneal 

HIND

AAAC-----------------------------   --------------------------------------   --------------------

 TTTG

BAM

AAAC--------------  ----------------------------------------  ----------------------  ------------

 TTTG

You add deoxynucleotides and polymerase to replicate as far as you can using one of the two sets above. Suppose you use the HIND set.

HIND

AAAC-----------------------------   --------------------------------------   --------------------

 TTTG----------------------------- }still unknown sequence, but at least its there.

BAM

AAAC--------------  ----------------------------------------  ----------------------  ------------

 TTTG

So now we have      TTTG-----------------------------

Using this, we can determine the entire sequence of nucleotides.  (See above for requirements to determine sequences)

So now we have

HIND

AAAC-----------------------------   --------------------------------------   --------------------

 TTTGAACGTCGATCGCTT   } now we know the sequence! But its short….

BAM

AAAC--------------  ----------------------------------------  ----------------------  ------------

 TTTG

So now we have made some progress, but we cannot work again with the HIND set until we know the first few nucleotiedes of the next fragment.  To find out those nucleotides, we use the last couple nucleotides of the sequence we just learned to create a new primer. We will attach this primer to the BAM set and let it anneal.

HIND

AAAC-----------------------------   --------------------------------------   --------------------

 TTTGAACGTCGATCGCTT 

BAM

AAAC--------------  ----------------------------------------  ----------------------  ------------

                                        GCTT

This gives us an opportunity to create a new DNA fragment, and we will already know the first few nucleotides of that DNA fragment!  We let it build….

HIND

AAAC-----------------------------   --------------------------------------   --------------------

 TTTGAACGTCGATCGCTT 

BAM

AAAC--------------  ----------------------------------------  ----------------------  ------------

                                        GCTT--------------------------

Then we use the same process as before to determine the sequence of the new nucleotides.

HIND

AAAC-----------------------------   --------------------------------------   --------------------

 TTTGAACGTCGATCGCTT 

BAM

AAAC--------------  ----------------------------------------  ----------------------  ------------

                                        GCTTCGAACCACTTCGA

Again, we cannot move on using the BAM set until we find out the first few nucleotides of the next fragment. Fortunately, we now know a bunch more nucleotides! So we take the tip of the segment we just learned, and create a primer. This primer anneals to the HIND set.

HIND

AAAC-----------------------------   --------------------------------------   --------------------

 TTTGAACGTCGATCGCTT                         TCGA

BAM

AAAC--------------  ----------------------------------------  ----------------------  ------------

                                        GCTTCGAACCACTTCGA

From there we repeat the process over and over. At the end, we compile all the stuff we learned and we end up with one big sequence of nucleotides – we’ve mapped the entire gigantic segment of DNA. That’s cool stuff.

DNA microarray assay
Purpose: we use this to find out which genes (assuming we already know what that genes do and stuff) are turned on inside the cell when certain things happen.  ie: we want to know what changes occur when a cell encounters sucrose.  What we do is we run a microarray assay BEFORE introducing the sucrose, then run a microarray assay on a different (but very similar) cell AFTER is has been introduced to sucrose (running microarray assay destroys the cell).  

There is a DNA chip that contains in each little segment a different gene (single stranded, complimentary to the DNA that gets turned into RNA when that gene is active. Essentially, this DNA is identical to the RNA that gets made in the cell).  The microarray looks like this

00000000

00000000        (this one happens to contain the pissed-off gene)

00000000
we take a cell that has NOT been introduced to sucrose and suck out its cytoplasm.  From the liquid in the cytoplasm we extract the mRNA. If mRNA for the pissed off gene is present, we know that the cell is actively making pissed off protein. 

Microarray assay is ALL ABOUT finding whether or not the mRNA for the pissed off gene is present.

We take the mRNA that we extracted and, using reverse trascriptase we make a DNA copy of it. We use fluorescent nucleotides to make this DNA fragment, so it glows!

We are left with a whole bunch of glowing DNA fragments, still attached to their mRNA templates, in a big vat or whatever the heck we were doing this in.  it glows but we don’t yet know anything about which genes are present.  

It is essential that we, before all this starts, know everything there is to know about the pissed off gene.  We know its sequence and everything.  We put a single stranded copy of it in the array

00000000
00000000        its right here, remember?
00000000
so now we have a bunch of glowing DNA that is complimentary to the mRNA that came from the cell.  We denature the mRNA from the DNA, then wash this whole thing over the microarray.  The glowing DNA sequence, which happens to be from the pissed off gene, (yes, the cell IS pissed off because it loves sucrose), will ONLY anneal to the complimentary sequence….we already know where that is….right?

00000000
00000000      where is it again?
00000000
so now that one spot on the microarray is glowing, because the glowing compliment attached right there.  We can plainly see, then, that if the cell is not in contact with sucrose, it is PISSED OFF!  

We repeat the process for a cell that is in the presence of sucrose.  We will see that the genes being actively used are different. You see, its all a learning process. 

Left to do: transcription, translation
Pg 834 – 841: Animal Structure
Look at notes from Mr. Grimm in order to see the different structures like the small intestine, cardiac muscle, etc.
· Bioenergetics – how organisms obtain, process, and use their energy sources

· Anatomy – study of structure of organism

· Physiology – study of functions of organism

· Tissues – groups of cells with a common structure and function

· Epithelial Tissue – covers outside of body and lines organs and cavities within body; cells are tightly packed (classified by number of cells and the shape of the cells)
· Basement membrane – lower area of the epithelial tissue which is a sense mat of extracellular matrix 

· Simple epithelium – single layer of cells

· Stratified epithelium – multiple layers of cells

· Shape of cells on epithelium – Cuboidal ( like dice), columnar (like bricks), or squamous (flat like floor tiles)

· Glandular epithelia – absorb or secrete chemical solutions (as well as doing normal epithelial jobs)
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· Squamous – Simple squamous are used for absorption because they are thin.  They are in the capillaries that go into the lung.  The capillaries run right near alveoli, which are grape-looking things that fill with air.  Oxygen diffuses into the capillaries while carbon dioxide diffuses into the alveoli.  Also, stratified squamous are found in the trachea.

· Cuboidal – simple cuboidal are found in the kidney (because secretion occurs there!)

· Columnar – simple columnar cells are found in the intestines.  Here, they secrete digestive juices and absorb nutrients.  Stratified columnar cells line the surface of the urethra.  Pseudostratified ciliated columnar cells are found where cilia are needed i.e. the nose.

· Desmosome – connects smooth cardiac cells(the intercellular space)      

· Small intestine is basically wavy.  On it, there is a simple columnar epithelium.  On each cell, there are microvilli, which increase surface area for absorption.  There are also goblet cells on this epithelium which secrete mucous.  On the small intestine, there are longitudinal muscles (which shrinks the small intestine) and circular muscles (
· Mucous membrane – secrete a slimy solution called mucous that lubricates surfaces and keeps them soft (in digestive and respiratory tracts; also, some have cilia that move mucous along the membrane)
· Connective tissue – binds and supports other tissues

· Collagenous fibers – made of collagen; are nonelastic and don’t tear when pulled lengthwise (skin on back of hand held down to the bone by collagenous fibers)
· Elastic fibers – long threads made up of a protein called elastin; provide a rubbery quality that helps the nonelastic fibers (help put your skin to normal shape after u pinch it)
· Reticular fibers – very thin and branched; joins connective tissue to adjacent tissues

· Loose connective tissue – most widespread through body; binds epithelia to underlying tissues and also holds organs in place. 

· Fibroblasts – among cells scattered in loose connective tissue, they secrete protein ingredients of extracellular fibers

· Macrophages – also among loose connective tissue, these cells are search and destroy units that travel through the fibers and engulf bacteria and debris of dead cells – using phagocytosis

· Adipose tissue – a specialized form of loose connective tissue that store fat in adipose cells distributed throughout its matrix – pads and insulates body, store energy as fat molecules

· Adipose cell – have a large fat droplet that swells when fat is being stored in it and shrinks when no fat is being stored

· Fibrous connective tissue -   dense due to its large numbers of parallel collagenous fibers; found in tendons (which attach muscles to bones) and ligaments (join bones together at joints)
· Cartilage – has a lot of collagenous fibers embedded rubbery matrix made of chondroitin sulfate (protein-carb complex)

· Chondrocytes – cells that secrete chondroitin and collagen

· Bone – a mineralized connective tissue

· Osteoblasts – bone-forming cells

· Osteons – microscopic structure of hard mammalian bone (have layers consisting of central canals that contain blood vessels and nerves)

· Blood – also has an extracellular matrix called plasma, which includes:

· White blood cells – also known as leukocytes, they fight against bacteria

· Red blood cells – a.k.a. erythrocytes, they carry oxygen

· Platelets – aid in blood clotting

· Nervous tissue – senses stimuli and transmits signals from one part of the animal to another  

· Neuron – (nerve cell) which is uniquely specialized to transmit signals called nerve impulses; consist of a cell body and 2 or more extensions called dendrites and axons

· Dendrites – transmit impulses from their tips to the rest of the neuron

· Axons – transmit impulses to another neuron or an effector, a structure such as a muscle cell that carries out a body response

· Muscle tissue – composed of long cells called muscle fibers that are capable of contracting when stimulated by nerve impulses.  Muscle is the most abundant tissue in most animals and it accounts for most of the energy consuming cellular work in an animal.

· Skeletal muscle – responsible for voluntary movements of the body.  Adults have a certain number of muscle cells; weightlifting enlarges them, it doesn’t create more

· Striated muscle – a.k.a. skeletal muscle; called this because the arrangement of overlapping filaments gives the cells a striped appearance

· Cardiac muscle- forms the contractile wall of the heart; cells are branched.  Ends of cells are joined by structures called intercalated discs, which relay signals from cell to cell during a heartbeat

· Smooth muscle – found in walls of digestive tract, arteries, bladder, etc.  cells are spindle shaped and contract involuntarily, like the churning of the stomach.

· Organs – organized group of tissues.

· Mesenteries – many of the organs of vertebrates are suspended by sheets of connective tissue called mesenteries in body cavities moistened or filled w/ fluid.

· Thoracic cavity – upper cavity that contains the lungs and heart

· Abdominal cavity – lower cavity that is separated from the upper cavity by a sheet of muscle called the diaphragm

· Organ systems – a level of organization higher than organs, they carry out the major body functions of most animals

· Fusiform shape –shape of many aquatic animals that means “tapered at both ends”

Restrictions on evolution:

1. physical laws such as shape to be able to survive in an environment

2. interactions with the environment – meaning that all cells in the body need to be bathed in a certain medium.  This can occur through diffusion or mechanical transportation

     Muscle activity (1080-1086 and packets)

· Muscle contraction = movement

· Tendon – a thick band of dense connective tissue that forms most connections between muscle and bone.  Fibers in the tendon intertwine around fibers in the periosteum of a bone, which basically makes them connect

· Fascia – layers of dense connective tissue that separate muscles and keep them in place

· Deep fascia – the portion of the fascia network that surrounds skeletal muscles

· Subcutaneous fascia – just beneath the skin

· Subserous fascia – lines the different organs in several body cavities

· Aponeurosis – a broad sheet of dense connective tissue that connects a muscle to a bone or a muscle to another muscle

· Epimysium – outside of the fascicle, this is the membrane that covers it and scrunches all of the muscle fibers together into a muscle (covers skeletal muscles)

· Loose connective tissue is on the outside of the epimysium and support the attachment of the muscle to a bone or other muscles, to cushion the muscle, and energy storage

· Perimysium – separates the muscle fibers in the fascicle

· Endomysium – covers muscle fibers
· Mitochondria – these things are everywhere in the sarcoplasm (the cytoplasm in a fiber that separates myofibrils).  I mean they are in between every myofibril!
· Skeletal muscle – attached to the bone of vertebrates and is responsible for their movement

· Fascicle – a group of muscle fibers covered with an epimysium

· Fiber – a single cell with many nuclei because it was formed through the fusion of many embryonic cells

· Myofibrils – make up a fiber, are laid out longitudinally

· Myofilaments – make up the myofibrils; there are 2: 

· Thin filaments – consist of 2 strands of actin and one strand regulatory protein (all coiled around each other) – made up of actin, tropnin,

· Thick filaments – are just staggered arrays of myosin molecules (protein) 

· Twitch – when some of a muscle’s motor units receive stimuli for a fraction of a second, the muscle contracts and relaxes

· Latent period – period of time between the introduction of a stimulus and the muscle’s response

· Refractory period – the time it takes for a muscle to become responsive to a stimulus (cuz one just hit it)
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· Sarcolemma – plasma membrane of the fiber; at the synaptic cleft, it becomes very folded, and is called the motor end plate.  Each muscle cell usually has only one of these and they contain a bunch of mitochondria and nuclei

· Neuromuscular junction – the synaptic cleft, motor end plate, and the terminal end of a motor neuron

· Sarcoplasm – cytoplasm of the fiber – contains hundreds of mitochondria, which produce 95% of the energy needed for contraction

· Striations – the striped effect on a myofibril because it contains myosin and actin

· Sarcomere – the basic contractile unit of a muscle, it is a section of the myofibril containing all of the following bands:

· Z-lines – the borders of the sarcomeres

· I Band – the region where only thin filaments occur (actin, troponin, tropomyosin

· A Band – the length of the thick filament (the myosin)

· During a contraction of the muscle, the sarcomere contracts; before contraction, there is a space in the middle of a sarcomere that contains no part of the thin filament (called the h-zone, kind of like hole-zone).  On both sides of the space, there are thin filaments that, during a contraction, come together and overlap, therefore taking out the h-zone)

· T(transverse)-Tubule - These are little tubes that go from the sarcoplasmic reticlum (inside of a cell) to the outside of the cell (which basically creates a hole in the membrane which lets in action potentials.  The action potential received from the axon of a cell goes along the membrane of the postsynaptic cell, down the T-tubule.  

· Cisternae - The area of sarcoplasmic reticulum between t-tubules where actin and myosin overlap  

· Sarcoplasmic reticulum – basically, this is like an endoplasmic reticulm and it covers the myofibrils in a fiber.  This reticulum, when affected by an action potential (the action potential goes down the t-tubule), becomes more permeable to calcium ions into the sarcoplasm (the cytoplasm of the myofibrils).  

· !!!!!Once the calcium ions reach the thin filaments, actin and troponin change shape, exposing some binding sites on the thin filament.  This happens because tropnin and tropomyosin swirl around the actin molecules in the filament.  When the calcium ions bind to the troponin, they alter the tropnin and tropomyosin location, which opens up the binding sites of the thin filament.  As soon as this happens, portions of the thick filaments called myosin cross bridges bind to the binding sites of the thin filaments, creating a connection.  At the same time, ATPase, which is located on the myosin cross-bridge, makes ATP change into ADP, giving off an exergonic reaction which helps the crossbridges move the thin filament.  What this means is that a crossbridge is hanging out on the thick filament.  Then, a calcium ion binds to a thin filament and the cross bridge can’t resist; it has to attach to the thin filament binding site.  Then, when a new ATP attaches to the crossbridge, the crossbridge bends (which moves the thin filament) and lets go and binds to the next binding site, which all together pulls the thin filament in closer to the center. CONTRACTION!  This also creates heat, which is why we all sweat like hell when we work out.    

· Before:   Thick            Thin             After :                                     

· Rigor Mortis – when person dies, crossbridges not released so muscles still contracted

· Creatine phosphate– this helps make more ADP + P turn into ATP, which makes the muscle contract for a longer period of time.  This is why people cheat with this chemical.  Creatine phosphate is made out of excess energy from the mitochondria.  When ATP turns into ADP, creatine phosphate puts a phosphate on ADP to make it ATP

· Acetylcholinesterase (AChE) – enzyme that inactivates ACh so the stimuli stop creating the muscle impulse (action potential)  Calcium ions put back into the SR

· When the action potential reaches the sacroplasmic reticulum from the T-tubule, the sacroplasmic reticulum releases calcium ions.  These ions bind to troponin, which basically makes the muscle contract.  Muscle contraction stops when calcium ions are pumped back into the sacroplasmic reticulum and the tropomyosin-troponin complex blocks the myosin binding sites as the calcium concentration falls.

· With a muscle fiber, it’s all or nothing.  That means that either all of the muscle fiber contracts or it doesn’t contract – there is no partial contraction

· When an action potential reaches the muscle cell, it causes a single twitch. When a second one comes before the first action potential is over, it sums up to be a bigger twitch.  When a lot of action potentials come together, they create a smooth contraction called tetanus.

· Motor Unit – a single motor neuron and the fibers that the neuron controls.  The nervous system can control the strength of a contraction by just manipulating how many motor units are stimulated or the size (number of controlled fibers) of the motor unit, causing more or less fibers to contract.  Sends action potential to muscle fiber.  The less muscle fibers controlled, the more distinct the movement is.

· Recruitment – when tension in a muscle progressively increases by activating more and more motor neurons that control the fibers of the muscle (so you are recruiting more motor neurons)

· Some of the muscles in the body are always at least partially contracted.  But muscles get tired after a while due to a loss of ATP, a build up of lactase, or the dissipation of the necessary ion gradient.  So therefore, your body uses a system where it turns on and off some motor units, therefore letting your neurons take turns

· All muscles are controlled by the calcium gradient in the neurons
· Fast muscle fibers – used for fast and powerful contractions    

· Slow muscle fibers – usually found in muscles that maintain posture, these fibers can contract for long periods of time.  These fibers have less sacroplasmic reticulum and slower calcium pumps, and therefore the calcium stays in the cytosol longer.  Also are specialized in that they have a lot of mitochondria, rich blood supply, and myoglobin  

· Myoglobin – binds oxygen more tightly than hemoglobin, so myofibrils can effectively take oxygen from the blood to use in cell resp. 

· Cardiac muscle – is striated like the skeletal muscle Can also generate action potential on their own, without the help of the nervous system.  Yes!  In a neuron of the cardiac muscle, there is a rhythmic depolarization going on so an action potential is created.  These cells can even beat if they are outside of the heart!  Also, the action potentials of these muscle cells experience an action potential that is 20 times longer than one of the skeletal muscles  

· Intercalated discs – places where gap junctions provide direct electrical coupling among cells.  Thus, if one neuron has an action potential, all of the cardiac muscles contract.

· Smooth muscle – all I got was that there is no T-tubule or sacroplasmic reticulum; the calcium ions come into the cell through an action potential, so the amount that reaches the filaments is very small.  Can contract in greater lengths than other muscles, like the small intestine.  There is also some stuff about actin and myosin that I just didn’t get when I read this chapter.

· Sliding filament mechanism – when the thin filaments contract towards the middle of the sarcomere (called the H zone).  When all the sarcomere contract, you’ve got yourself a fiber on the edge 

·  Cramp – happens when muscle contracts like freaking crazy without relaxing, probably because there isn’t enough ATP to send calcium ions back to the SR.

· Dystrophin- protein that binds to the inner part of the membrane and makes fiber keep it’s structure during contraction (otherwise, the cell would break)
· Smallest to biggest – filament, myofibril, muscle fiber, fascicle, muscle
The Brain (1040-1050)

· REMEMBER, NEURON IS THE CELL AND NERVE IS A bundle OF axons!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

· The peripheral nervous system (the spine and spinal nerves that spread to both sides of the body) regulate the internal environment of the organism.
· The vertebrate CNS is made from the dorsal hollow nerve chord
· Central Canal – of the spinal chord; is continues with fluid-filled spaces called ventricles

· Ventricles – fluid-filled spaces in the central canal

· Cerebrospinal fluid- formed in the brain by filtration of the blood, it carries nutrients, hormones, and white blood cells through the Central Canal, through the ventricles, and across the blood-brain barrier (so the nutrients, hormones, etc are absorbed into the veins).ALSO, it acts like a shock absorber in order to cushion the brain.
· Meninges – layers of connective tissue that protect the brain and spinal cord along with the cerebrospinal fluid.  

· White matter – axons with white myelin sheaths that are bundled up in your brain appear white in the cross section between your spinal cord and brain.

· Gray matter – consists of dendrites, unsheathed axons, nerve cell bodies (nuclei (not the center of cells, the one that makes cell bodies plural))which appear gray

· PNS consists of 2 kinds of nerves and associated with ganglia:
· Cranial Nerves – in brain, they innervate of the head and upper body

· Spinal nerves – in spine, they innervate the entire body

· mammals have 12 pairs of cranial nerves and 31 pairs of spinal nerves.

· Most of the cranial nerves and all of the spinal nerves have both sensory and motor neurons.  Some cranial nerves are only sensory (like the optical nerve)

· Sensory division of the PNS – made up of sensory neurons that convey info to the CNS (central nervous system) from sensory receptors which monitor the environment inside and outside your body.

· Motor division of the PNS – made up of motor neurons that convey signals form the CNS to effector cells (the ones that actually do the action).  Made up of 2 divisions: 

· Somatic nervous system – carries signals to skeletal muscles in response to stimuli from outside the body.  Except for reflexes, this is considered voluntary movement.

· Autonomic nervous system – conveys signals that regulate the internal environment by controlling smooth and cardiac muscles like the intestines, heart, excretory system, endocrine system, etc.  Usually is involuntary.  Consists of 2 divisions that act on your body differently:

· Sympathetic division – goes with arousal and energy generation: heart beats faster, liver converts glycogen to glucose, adrenalin secreted from the adrenal medulla, bronchi of lungs get bigger to support increased gas exchange.
· Parasympathetic division – opposite of sympathetic division, it relaxes the body and puts it back to self-emphasis  For example, digestion starts again, heart rate and energy storage decrease.
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· forebrain, midbrain, and hindbrain--become evident as the neural tube differentiates when you are an embryo
· Cerebrum - the most sophisticated center of homeostatic control and integration, is an outgrowth of the forebrain that surrounds many of the older brain regions.
· Includes white matter, gray matter, and the cerebral cortex.

· Cerebral cortex – outer region of the cerebrum that contains gray matter
· Forebrain ( telencephalon and diencephalon ( Cerebrum and diencephalon 
      Midbrain (mesencephalon ( midbrain

     Hindbrain (metencephalon and mylencephalon ( medulla oblongata

· The cerebrum has two hemispheres that grow rapidly during the 2nd and 3rd months of creation

· The Diencephalon includes that thalamus, epithalamus, and the hypothalamus

· Brainstem – included that midbrain, pons, and the medulla oblongata.  It functions in homeostasis, coordination of movement, and conduction of info to higher brain centers.  Also participates in large scale movement such as walking.

· The medulla oblongata - contains centers that control several visceral (automatic, homeostatic) functions, including breathing, heart and blood vessel activity, swallowing, vomiting, and digestion.

· Pons - also participates in some of the medulla’s activities, having nuclei that regulate the breathing centers in the medulla, for example.

· Most of the descending axons in the brain that are sending info on movement to the spinal cord from the mid and forebrain cross from one side to the other.  Therefore, left side of brain controls most of the right movements and vice versa.

· Midbrain – contains centers from receiving and processing some sensory info.  Also, sends some sensory info to forebrain.  Contains inferior and superior colliculi, which are part of the auditory and visual systems, respectively.  IN mammals, vision is integrated in the cerebrum, leaving the superior colliculi to make a reflex.

· Reticular Formation: in brain stem

· Reticular activating system – regulates sleep and arousal.  It selects what info reaches the cerebral cortex.  The more info is sent, the more aware the person is.  But pons and medulla also help in sleep because when certain neurons are stimulated, they stimulate sleep (like what they are doing right now in my head).  Serotonin also aids in this; milk induces sleep cuz milk has tryptophan, which synthesizes the creation of serotonin. ( Sweet! 

· Electroencephalogram (EEG) - records electrical activity inside the brain.

· Awake but quiet – alpha waves

· Awake and mentally active – faster beta waves

· Asleep – delta waves and REM - rapid eye movement (which is when you dream)

· Cerebellum – involved in learning and remembering motor functions.  Also is important to all motor function because it analyzes the position of your joints, muscles, etc and coordinates all movement. Helps in balance, hand-eye coordination, etc

· Epithalmus – one of the major integrating (unifying) centers, it also is active in producing cerebrospinal fluid.

· Thalamus – it processes sensory input and after processing, sends it to the proper brain locations.  Also, it gets info from the cerebrum and other parts and regulates emotion and arousal.

· Hypothalamus – one of the most important homeostatic control areas.  Contains the body’s thermostat and has centers fro regulating thirst, hunger, etc.  Also p-lays a role in stimulation of pleasure.

· Biological clock – the rhythms and behaviors of an organism dictated by its internal components and external environment 

· Suprachiasmatic nuclei (SCN) – in the hypothalamus, is the biological clock of mammals which dictates their behavior.  Can be dictated by light, darkness, temperature, etc.

· Cerebral Hemispheres – the right and left side of the cerebrum

· Each hemisphere has: gray matter covering called the cerebral cortex (dendrites), internal white matter, and a cluster of nuclei called basal nuclei

· Basal Nuclei – deep within the white matter of the cerebral hemisphere, they contain control centers for planning and learning movement.  Without them, no message is sent to the muscles to move.

· Neocortex – an extra layering of cortex unique to mammals that, for humans, accounts for 80% of total brain mass.  

· Corpus callosum – a thick band of cerebral white matter that communicates between the right & left cerebral hemispheres (cuz left controls right & opposite)

· Cognition – process of knowing (awareness and judgment)
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· Cerebral cortex:
· Frontal, parietal, temporal, and occipital lobes – all four receive and integrate sensory input

· Motor cortex – sends signals to skeletal muscles

· Somatosensory cortex – receives and integrates signals from touch, pain, pressure, temperature receptors throughout the body.

· Occipital lobe – vision sensory

· Temporal lobe – auditory sensory

· Parietal lobe – gets sensory stuff from the somatosensory cortex, which is part of the parietal lobe

· Frontal lobe – looks at the integrated info that the rest of the brain sends to it, and then it creates the appropriate response, which is sent to the skeletal muscles through the motor cortex (which is in the frontal lobe)

· Left hemisphere – language, math, logic operations, processing info, focused perception, detailed movement (like typing)

· Right hemisphere – pattern recognition, emotion, not verbal communication, music, understanding stressed words are important, pattern of images, very basic movement

· Limbic system – formed from the hippocampus and the olfactory cortex, this system creates emotions.  Causes nurturing, aggression, sexuality, etc (reptiles and some people I know don’t have this, so they don’t have emotions (no wonder those damn snakes are so cold hearted)

· Amygdala – recognizes and memorizes certain emotional responses to some actions which teach infants right from wrong(in the temporal lobe)

· Hippocampus – RESPOSNIBLE FOR MEMORY (ALL EXCEPT EMOTIONAL MEMORY)
The nature of nerve cells 1026-1032

· Membrane potential – an electrical charge across a cell’s membrane due to the different concentrations of ions on the inside and outside of a cell

· Anions  are concentrated more inside a cell and cations are concentrated more on the outside of a cell.  Since they are large, they can’t get through the membrane so they are trapped in a pool f negativity

·  So the membrane is more negatively charged on one side than the other

· resting potential – a neuron in its resting state usually has a membrane potential of about -70 mV. This membrane potential of an unstimulated neuron is called this 

· The membrane potential of an excitable cell in a resting state

· much of the research done on neuron voltage was done on squids that had large axons in order to insert the electrodes

· Inside cell – lots of potassium and little sodium are the cations.  Anions are proteins, AA’s, sulfate, and little chloride.

· Outside a cell – lots of sodium and little potassium that are the cations.  Anions are mostly chloride and less presence of the others.  Notice that facilitated diffusion is possible here

· Ions – since they are charges and can’t get through the lipid bilayer, they need to be pumped into the membrane or they have to be transported through ion channels that are specific to certain types of ions.  Most cells have more potassium channels

· Ions diffuse down an electrochemical gradient made up of two components: the concentrations of the specific ion in different regions (its chemical gradient); and the relative electrical charge in those regions (the electrical gradient)  So how doesn’t the cell reach equilibrium?  Well there is barely an potassium on the outside of the cell, and since the cells is highly permeable to it, potassium leaves to the outside.  This leaves a crap load of negatively charged molecules on the inside of the cell.  Then, in an electrical gradient, potassium is diffused back into the cell in order to reach equilibrium in the charged gradient.  Then comes the chemical gradient again…

· Potassium pump pumps potassium (positive) out of the cell

· Sodium pump pumps Na+ into the cell (positive)

· Equilibrium potential – potential for the cell to reach equilibrium where no more molecules pass through the membrane

· Also, salt goes across the membrane too and adds positive charged voltage to the cell

· Also, the potassium pump uses ATP to pump potassium back into the outside of the cell, against both the chemical and electrical gradient.

· excitable cells - have the ability to generate large changes in their membrane potentials. 

· Ungated ion channels – ion channels that are open all the time

· Gated ion channels – in neurons, they open and close in response to stimuli

· Chemically-gated ion channels open or close in response to a chemical stimulus, such as a neurotransmitter released from a synaptic terminal.

· Voltage-gated ion channels respond to a change in membrane potential. In addition, a gated ion channel (like other ion channels) allows only one kind of ion to pass through it.

· Hyperpolarization -  an increase in the voltage across the membrane

· depolarization is a reduction in the voltage across the membrane

· Graded potentials – the voltage changes (hyper and depolarization); called this because the magnitude of the change depends on the strength of the stimulus.

· Depolarization of a neuron’s plasma membrane is graded with stimulus intensity only up to a particular voltage, called the threshold potential.

· Action Potential -  triggered by the threshold potential, it is when a neuron is stimulated at such a grade magnitude, that the neuron’s plasma membrane goes through 5 stages: resting state(threshold(depolarization phase( repolarization phase( undershoot (potassium pump is still open cuz it’s a little slow to close. This changes the polarity abruptly so that that cell is positive and the surroundings are negative, until the repolarization stage changes it back to normal.  THIS IS AN EXAMPLE OF FEEDBACK
· Refractory period – period when the neuron is insensitive to depolarization
· How the message travels along the axon:
· First of all, an axon can only send messages one way
· Second, what happens is that a Na+ ion depolarizes a region of the membrane and its neighbor.  In an action potential, the depolarization is so big that it basically go through the entire axon membrane (going one way)
· What affects the speed of the transmission?
· Diameter of the axon
· The thicker the diameter, the more in depth the action potential can take place
· Saltatory Conduction – remember, the axon is covered with many Schwann cells that provide insulation for the axon.  Well in between the cells, there are small little holes called nodes where action potential takes place.  Then, the transmission is sent directly to the next node on the axon
Nervous system

· Endocrine system – responds to hormones

· Nervous system has 3 overlapping functions:

· Sensory input – colleting info from inner or outer physical world using sensory receptors
· Sensory receptors – collect info about the physical world outside the body as well as processes inside the organism; like seeing light   
· Integration – the process by which the input is interpreted and associated with the appropriate parts of the body
· Central nervous system (CNS) – where integration takes place
· Motor output – conduction of signals from the central nervous system to the effector cells, the muscle cells or gland cells that carry out the body’s response to the input signal
· Nerves – ropelike bundles of extensions of neurons (dendrites and axons) tightly wrapped in a connective tissue.
· Peripheral nervous system (PNS) – the nerves that communicate motor and sensory signals between the central nervous system and the rest of the body
· Neuron – a.k.a. nerve cell, is the structural and functional unit if the nervous system
· Cell body – has a nucleus and organelles and 2 extensions:
· Dendrites – are short, highly branched processes that accept messages form other neurons and take them into the cell body
· Axons – much longer, they send messages from one neuron to other cells
· Axon hillock – the region where the axons is attached to the cell body 
· Myelin sheath – a plasma membrane that is rolled up around the axon in order to insulate and protect it
· Synaptic terminals – endings of axons that relay signals from the neuron to other cells
· Neurotransmitters – the messages that are sent by axons and received by dendrites
· Synapse – the area where an axons and a dendrite meet in which neuro-transmitters are sent
· Presynaptic cell – the cells that is transmitting the info
· Postsynaptic cell – the cell that receives the information
· Reflex – simplest type of nerve circuit, reflexes are automatic responses
· Reflex arc – the actual nerve circuit that creates a reflex
· Sensory neuron – receives info from a sensory receptor about a change in light, pressure, sound, etc and then sends it to the motor neuron
· Motor neuron – receives a message form a sensory neuron and sends it to the effector cell
· Effector cell – a muscle cell or gland cell that carries out a response to the stimuli
· Interneurons – inhibit the transfer of information from a sensory neuron to a motor neuron in order to keep a motor reaction from happening
· Ganglion – a cluster of nerve cell bodies, often of similar function, located in the peripheral nervous system
· Nuclei – similar clusters of nerve cell bodies
· Suppoting gels, or glia – support all the nerve cells in place and also send and receive messages.  
· Astrocyets – located in a mature CNS, provide structural and metabolic support for neurons
· Blood-brain barrier – astrocytes create capillaries that are extremely thin so that no food particles get to an animal’s brain.  This allows for homeostasis in the brain
· Schwann cells – a.k.a. oligodendrocytes are glia that produce the membranes around axons.  These membranes are several layers thick and insulate against electricity. 
Actual signaling of neurons and evolution of nervous system (1033-1039)

· Synapses are unique cell junctions that control communication between a neuron and another cell.

· Two types of synapses
· Electrical synapses – allows for actions potentials (when there is a complete change in the neuron) to spread directly from one cell to another
· Chemical synapses – more common; At a chemical synapse, a narrow gap, or synaptic cleft, separates the presynaptic cell from the postsynaptic cell (the space in the synapse between the two ports where chemicals are sent and received)   Here, action potentials can’t be directly transferred to postsynaptic cells.  

· Synaptic vesicles – sacs at the tip of a presynaptic axon’s cytoplasm.

· Neurotransmitter – they are released as intercellular messengers into the synaptic cleft 

· Presynaptic membrane – the synaptic end of an axon where an action potential travels in order to send a signaled stimuli to another cell; ONLY THIS CAN RELEASE NEUROTRANSMITTERS!!

· Neurotransmitters sent form the presynaptic cells( bind to the receptor proteins of the postsynaptic cell( binding to receptor proteins opens ion channels that let out Na+ that depolarizes or hyperpolarizes the membrane (makes diffusion happen so equality on both sides)(neurotransmitter removed through degradation or uptake by another cell(s)
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· The electrical change that is caused by the binding of neurotransmitter to the receptor is called an excitatory postsynaptic potential, or EPSP.  Basically, the excitatory synapse caused the ion gates to open and create a greater force of flow of Na+ than K+.  This depolarizes the membrane and gets it closer and closer to the action potential where it flips out and completely changes (figure 48.9 on pg 1030)

· Acetylcholine (ACh) – type of neurotransmitter that is sent through the synaptic cleft by a vesicle; is released when the axon is stimulated by an action potential; in the synaptic cleft, it binds to the receptor proteins on the motor end plate of the muscle fiber.

· inhibitory postsynaptic potential (IPSP) – the inhibitory synapse caused the ion gates to open, but instead, K+ rushes out of the cell and Cl- flows in.  Since this makes the membranes more unequal, this hyperpolarizes them, creates a more negative cell, and it puts the cell further away from action potential.
· IPSPs and EPSPs travel along the membrane.  In order for an action potential to occur, the fire must be strong enough to reach the axon.  A single EPSP is usually not strong enough to create an action potential…many EPSPs are needed.  
· Summation – when many EPSPs occur on the same cell membrane, raising a powerful enough impact can reach the axon and cause the threshold potential.
· Temporal summation – when many synapses occur in a short amount of time before resting state can occur between each one
· Spatial summation – when synapses occur at the same time and create the potential to fire up the axon
· IPSPs and EPSPs counter each other’s effects

·  It is possible for a cell to reach action level, send it through the axon to another cell, and still have enough juice left to fire again in a few milliseconds
· A particular neurotransmitter can trigger different results in cells.  
· Neurotransmitters:

· Acetylcholine – one of the most common neurotransmitters; excitatory to vertebrate skeletal muscles but excitatory or inhibitory anywhere else
· Cool fact – when this neurotransmitter is sent to the heart muscles, it opens up pathways for g proteins that open k+ channels in the muscle cell, hyperpolarizing it and creating les chance for action potential.  This causes less strength in a heart contraction or a slower rate.
· Biogenemic amines – Mostly work in central nervous system, neurotransmitters derived form AAs.  Catecholiamines, from tyrosine (AA) include epinephrine and norepinephrine, which are also hormones, and are closely related to dopamine.   Another biogenic amine, serotonin, is synthesized from the amino acid tryptophan.  In many cases, they bind to the receptor proteins on the cells which affect the activities of several key enzymes of the postsynaptic membrane
· Four amino acids are known to function as CNS neurotransmitters: gamma aminobutyric acid (GABA), glycine, glutamate, and aspartate. GABA, believed to be the transmitter at most inhibitory synapses in the brain, produces IPSPs by increasing the chloride permeability of the postsynaptic membrane.
· Neuropeptides – short chains of amino acids that serve as neurotransmitters.  Substance P, a neuropeptide, is a key excitatory signal that mediates our perception of pain.  The Enorphins are neuropeptides that decrease the perception of pain by the central nervous system (CNS)
Evolution of different nervous systems

· Nerve nets – a net of nerves all over the body of the organism that controls expansion of these cavities (like in hydra!)
· Cephalization – when the clustering of sensory neurons and other nerve cells began to form a small brain near the head of the organism
· Nerve chords – longitudinal nerve line going down the animal that controls its movements (like a flatworm!)
877-886 Blood Movement through the Body 

· Endothelium – a single layer of flattened cells the line the inside of your blood vessels

· Capillaries don’t have the outer to layers (sooth muscle and connective tissue), and therefore hey can have molecules diffuse in and out quickly

· Arteries have a thick middle wall (smooth muscle) and connective tissue around the smooth muscle.  This gives enough strength to the arteries to maintain a high blood pressure, and it keep a blood pressure when the heart is relaxed.  

· Veins have thinner smooth muscle and connective tissue walls.  When blood goes back to the heart, it passes through valves.  The valves shut to keep gravity from pulling blood down, and therefore the valves keep the blood moving in one direction.

· Law of continuity – fluid that moves down a pipe will move faster through the pipe when the pipe gets narrower.  This is because a constant volume of fluid must pass.  In a thicker part, more volume is available, and therefore a narrower part needs to have higher speeds.  But, the aorta has a higher sped blood flow that a capillary because the aorta is bringing blood to a system of capillaries, which have a total diameter that’s more than the aorta’s.  

· blood slows down from the artery to the arteriole, and again from the arteriole to the capillary bed.  Then, it picks up speed when it enters the venules, and again when it enters the veins.  

· Hydrostatic Pressure – pressure exerted on the surfaces that the fluids push against.  

· Peripheral Pressure – The blood in your arteries can’t leave through arterioles as fast as its coming into the artery.  When the heart contracts, a crap load of blood goes into ur arteries and makes them bulge.  During diastole, not all the blood has left to the arterioles that was in the artery before then next systole.

· Diastolic pressure – since there is still a lot of blood in ur arteries during diastole, there is still a blood pressure

· Things that affect blood pressure : hormones, cardiac output (exercise), gravity

· Measuring blood pressure – top number is diameter of artery 

· Muscles along the walls of the veins squeeze in order to pull the blood back to the heart

· At any time, only 5-10% of the body’s capillaries are filled with blood

· Diversion of blood to different capillary beds (2): arterioles contract to shrink the amount of blood flow to the area.  Also, there are precapillary sphincters that close off to blood in order to divert blood to other places in the body.

· For nutrients to be exchanged from capillary to cell, nutrients have to move across the endothelial membrane.  This happens in vesicle (through endo and exocytosis), plain diffusion, through the clefts of joined cells.  During this, water is lost when nutrients pass from capillary to cells, but osmosis give water back at the lymphatic system.

· Lymphatic system - The lost fluid and proteins return to the blood via the lymphatic system. Fluid enters this system by diffusing into tiny lymph capillaries intermingled among capillaries of the cardiovascular system. Once inside the lymphatic system, the fluid is called lymph; then, the system dumps back into circulation where the vena meets the right atrium.  Helps fight against infection and helps maintain protein in blood.

· Lymph nodes – made out of connective tissue, these organs filter out the lymph in your body.  In the connective tissue, there is a bunch of white blood cells that quickly multiply when you are fighting off a disease.

· Blood = Hemolymph
· Plasma – your blood floats in this matrix

· 90% water

· contains dissolved ions, called blood electrolytes (osmotic balance and buffer)

· plasma proteins – keep blood’s ph the same, keep osmotic balance, and gives thickness to blood.  Some are antibodies, some escort lipids (cuz they can’t move in water), and some are fibrinogens which help clog leaks when the blood vessels are injured.

· How does it differ form interstitial fluid you ask?  Well it has many more proteins

· Red blood cells don’t have nuclei! (in mammals)  Their biconcave shape makes a big surface area for oxygen diffusion  Also, w/ no nuclei, more hemoglobin (the iron-containing protein that transports oxygen( each can bind w/ 4 molecules of oxygen) ) can fit in (250 million hemoglobin molecules in a red blood cell).  Also, it binds with nitric oxide, which relaxes the capillaries when the hemoglobin diffuses through).  They also don’t have mitochondria, and therefore make energy by an anaerobic metabolism.  

· 5 leukocytes (white blood cells): monocytes, neutrophils, basophils, eosinophils, lymphocytes.

· Platelets – clot blood

· Pluripotent stem cells – in the red marrow of bones, this population of cells can turn into any specialized cell and therefore originate red and white blood cells along with platelets.  

· Erythopoietin –kidney makes this when more red blood cells are needed.  When too much oxygen is reaching the tissues, the production of this protein is reduced.  Also, vice-versa

· Fibrinogen – the sealant that heals the leaks in the blood vessels.  Only works when it is in its active state called fibrin, which form the threads that are the framework of the clot.  

· Hemophilia – takes a really long time to heal cuts (excessive bleeding)

· Thrombus – clog up a person’s blood vessels and reduce the blood flow from moving within that part of the body.

· Heart attack – death of cardiac tissue due to the insufficient blood supply from the blockage of one or more arteries.

· Stroke – when a person’s thrombus floats off into the head and nervous tissue doesn’t get sufficient blood supply due to a blocked blood vessel.

· Embolus – a transported thrombus

· Atherosclerosis – when plaque forms in an artery over time

· Arteriosclerosis – when the plaque in a blood vessel is hardened by calcium minerals

· Angina pectoris – when a person feels heart pains due to clogged coronary arteries.

· Hypertension – high blood pressure

· Low-density lipoproteins – the bad cholesterol, it is deposited in the plaques of arteries.  

· High-density lipoproteins- it reduces cholesterol deposition.   

886-897 Gas exchange
· Respiratory medium – source of oxygen (air or water)
· 21% of atmosphere is O2 
· respiratory surface – part of animal where gas exchange occurs
· endotherm’s body needs more gas than similar sized ectotherm, so the respiratory surface of an endotherm is bigger
· Lungs are a moist epithelium (respiratory systems must be moist at all times!)

· Gils, trachea, and lungs are the 3 most common respiratory organs

· In most animals, the total surface area of the gills is bigger than that of the rest of the body
· Ventilation – increase in flow of respiratory medium (water) over the respiratory surface in order to get sufficient amounts of oxygen (cuz many times, dissolved oxygen is not enough) *****In humans, this is know as breathing!
· Countercurrent exchange – blood passes through the gills heading the opposite direction of the water that’s passing by, so blood gets more oxygen in the end.  This happens because the blood last passes the beginning of the gills, where fresh oxygen is coming in.  Fish use this!
· Tracheal system – in insects, it is made up of air tubes that branch throughout the body.  Again, the system Branches throughout the body!!!  Largest tubes, called trachea, open to the outside.  So basically, the air goes into the trachea, and all the cells have air diffused to them through the system.  The insects aren’t responsible for transporting oxygen or carbon dioxide.
· Air movement – nasal cavity ( pharynx ( larynx ( Trachea ( 2 bronchi ( bronchioles
· Pharynx – place where paths for air and food intersect
· Larynx – opens the door (the epiglottis) to let food go down the esophagus when you swallow.  At all the other times, your epiglottis is closed, and the door is open for breathing.  (So it’s like a sliding door that covers one side while u breath and the other side when u eat)  Also is a voice box
· Vocal cords – residing in the larynx, air passes through these while you larynx moves its muscles.  While voluntarily contracting different muscles, the larynx forces the vocal cords to stretch in order to produce different sounds. 
· Trachea – (windpipe) air moves here from the larynx.  The shape of the trachea is made from rings of cartilage
· Bronchi – the air passes through here after it forks from the trachea.  The bronchi lead the air into the lungs
· Bronchioles – once the bronchi are in the lungs, they branch off into bronchioles.  
· Alveoli – the ends of the bronchioles, these air sacs are the area where gas exchange occurs.  A capillary passes near each alveolus, and oxygen diffuses into the bloodstream.   
· Positive pressure breathing – ventilation in frogs; oral cavity lowers, air is inhaled by the nostrils, and then mouth closes and nostrils close, oral cavity rises and pushes the air into the lungs.
· Negative pressure breathing – humans do this; instead of pushing air into the lungs, we pull the air down
· Lungs have a 2 walled sac.  The inside wall is stuck to the outer layer of the lungs.  The outside wall is stuck to the wall of the chest cavity.  A thin fluid-filled space is in between the two walls.
· Diaphragm – the bottom wall on the chest cavity (vertically under the lungs)
· **Breathing occurs because the muscles in the rib cage contract along with the muscles of the diaphragm (which makes the diaphragm move down and the chest expand).  The ribs expand by the muscles contracting and lung volume increases.  Because the lung volume increases, air pressure in the lungs decreases as compared to atmospheric pressure.  Therefore, air rushes down our noses and into the lungs.  When the lungs contract (cuz the rib cage muscles and the diaphragm relax and therefore shrink), air pressure increase, which makes the air fly out.         
· Tidal volume – amount of air breathed in
· Vital capacity – how much air can be forced into the lungs
· Residual volume – air left in the lungs after exhaling (cuz alveoli still have air in them)
· Birds have a bunch of air tubes in order to keep air moving through the body and to reduce the density of the bird (for flying).  Have parabronchi, which instead of being dead ends like alveoli, they are tubes that keep the air moving in one direction.  This helps birds get more clean oxygen than humans cuz alveoli in humans have oxygen deprived air (from what isn’t breathed out) mix with oxygen rich air.
· Breathing control centers are in the medulla and the pons
· Medulla monitors the ph level, which drops (more acidic) when there is a lot of carbon dioxide.  As soon as medulla sees the drop in ph, it makes the lungs expand larger and faster in order to get rid of the CO2.  Happens during exercise.
· Cool fact – hyperventilation is when a person takes large deep breaths for a while.  CO2 levels in the blood decrease dramatically, and the medulla stops telling your ribcage to expand.  This happens until CO2 levels are brought up to a normal level or oxygen is decreased.
· Partial pressure – the part of atmospheric pressure exerted by the gas that is being breathed in.  Atmosphere exerts 760 mm hg of pressure, but oxygen is only 21% of that force.  Diffusion depends on differences in partial pressure too.

Example: The pressure of the atmosphere is 760 mm hg.  Assuming nitrogen 
is 10% of the atmosphere (it’s way higher than that in real life), we can 
assume that 10% of the pressure of the atmosphere is due to the nitrogen.  
Therefore, the partial pressure of nitrogen is 10% of the pressure of the 
atmosphere, or 76 mm hg.
· Respiratory pigments – carry oxygen in the blood in order to make the blood carry more oxygen (if that makes sense).  Basically, without them, less oxygen would be getting to your cells, so your heart would have to beat faster.  These pigments help keep your heart beating normally by getting more oxygen to the cells.
· Hemoglobin – in red blood cells, it makes oxygen attach to itself cuz it has an iron atom at each of its four heme groups.  Thus, it can carry 4 molecules of oxygen.  Also carries a little bit of CO2
· Dissociation curve – a graph that shows the correspondence between the amount of oxygen attached to hemoglobin (Y axis) and the partial pressure of oxygen (x axis)
· Myoglobin – stores oxygen
· Bohr shift – when ph drops, hemoglobin is affected (in its ability to load or unload oxygen)   
Circulation and gas exchange (871-877)

· Diffusion not always good cuz it would take 3 hours for something to diffuse one cm.  Therefore, we have the circulatory and respiratory system to get chemicals to our body much faster

· Gastrovascular cavities
· A cavity which serves for both digestion and distribution, this cavity is is covered by an easily diffusible 2-layer cell wall
· Extends into the tentacles

· Inner cells are directly bathed by fluid and outer cells have to have it diffused to them

· Exchange fluids through one opening (the mouth)

· Planarians (flat worms) also have this makeup

· Open and closed circulatory systems
· 3 main components:
· A circulatory fluid (Blood)
· A set of tubes (blood vessels) through which the blood moves through the body

· A muscular pump (heart)

· Blood pressure – when the heart pumps the blood own a pressure gradient, through its circuit, and then back to the heart.  Moves the blood in the circulatory system

· Open circulatory system – when the blood bathes the organs directly (in insects some arthropods, and most mollusks)

· Sinuses – an interconnected system of spaces that surround the organs in an open circulatory system

· in insects and other arthropods, the heart is a long cable on the dorsal side of the organism.  When the heart contracts, blood flows into the sinuses and bathes the organs.  When the heart relaxes, the blood goes back into the heart through holes called Ostia 

· Hemolymph – general term for body fluid (like blood)

· Closed circulatory system – the hemolymph is confined to blood vessels once it leaves the heart and goes back.  The blood vessels branch into smaller blood vessels which then support diffusion of nutrients and wastes between blood and the cells in your body

· Cardiovascular system – the closed system that vertebrates have.

· Atrium (atria in plural) – receive blood returning to the heart

· Ventricles – pump blood out of the heart

· Arteries, veins, capillaries are the 3 main kinds of blood vessels (for those of us who are a little behind the times)

· Arterioles – arteries turn into arterioles in the organs, which then turn into capillaries

· Capillary beds – networks of capillaries that make up each tissue of the body

· Venules – when blood goes back to the heart, it first goes through small venules, which then turn into veins
· Notice that arteries and veins described by direction they are carrying blood (arteries go out and veins go in), not if it’s oxygenated or not

· Fish heart has one atrium and one ventricle.  Blood that is pumped from the ventricles first travels to the gills, where it gets oxygen and loses carbon dioxide through the capillaries. (gill circulation)  Then, a vein carries the oxygenated blood to the rest of the body. (systematic circulation).  Then, blood is transferred back to the atrium.  But during the systematic circulation, blood has to ravel through two capillary beds, which lowers the blood pressure.  Therefore, oxygen needs more time to get to some tissues of the fish, which lowers the metabolic rate of the fish.

· Amphibian hearts have 3 chambers; 2 atria and one ventricle.  Ventricle pumps blood into a forked artery which goes into the :

· Pulmocutaneous circulation – goes to the gas exchange area (through capillaries the whole 02 and C02 deal).  Then, the blood goes back to the left atrium.

· System circulation – blood goes through the body and supplies the cells
· Since there is only one ventricle to actually pump, ome oxygen rich blood mixes with oxygen poor
· Double circulation – when the heart pumps the blood twice (one for the gas exchange and one for the body), blood pressure increases
· Reptiles have the same 3 chambered heart but the ventricle is more divided, which provides for even less blood mixing     
· Crocodiles have a right and a left ventricle, which provided for less blood mixing and powerful metabolic system
Human Heart – 2 atria and 2 ventricles

· Deoxygenated blood comes into the heart through the superior and inferior Vena Cavas.  The blood is then dumped into the right atrium, where it drops down to the right ventricle.  The Atrioventricluar tricuspid valve (held by chordae tendineae, which are held down by papillary muscles) then closes the right atrium so that during systole, heart contraction, the deoxygenated blood doesn’t go back to the right atrium.  This causes the 1st sound of the heart beat (when the tricuspid valve closes).  Then, during systole, the right ventricle pushes the blood into the pulmonary trunk.  The pulmonary trunk also has the pulmonary semilunar valve, which shuts when the blood enters the pulmonary trunk.  If it didn’t shut, the blood would just fall down to the ventricle due to gravity.  So the blood in the pulmonary trunk is then divided among the pulmonary arteries, which send the deoxygenated blood to the lungs.  Then, the whole diffusion thing with the oxygen and the carbon dioxide happens.  Then, the pulmonary veins send the oxygen rich blood to the left atrium.  The blood enters the left atrium and drops down to the left ventricle.  On the bottom of the left atrium, the atrioventricluar bicuspid valve closes off, so no blood goes back into it during systole.  The oxygen rich blood is then pushed (during systole) into the ascending aorta, which also has a semilunar valve that shuts.  Then, most of the blood travels up the aorta and into the 3 arteries: the brachiocephalic artery (which branches off into an artery that goes to the brain called right carotid artery and the Right subclavian artery which brings blood to your right arm), the Left carotid artery, which bring blood to the brain on the left side of your neck), and the left subclavian artery, which brings blood to your left arm.  The blood that doesn’t go to the aortic branches goes down the descending aorta which bring blood to the lower region of your body, or it goes to the coronary arteries.  There are two small holes in the ascending aorta (the part right before the aorta begins).  These holes let blood flow outside of the heart muscle itself.  Then, the veins on the heart dump into the coronary sinus (a big ass vein near your right atrium on the back of you heart), which dumps into the place for deoxygenated blood: the right atrium!  The sound that you hear from ur heart has two parts: the lub sound, and then the dup sound…..lub-dub…..lub-dub…..lub-dub.  The lub sound is when the tricuspid and bicuspid valves close (they are on the bottom of the 2 atria).  The second sound comes when the semilunar valves on the bottom of the aorta and the pulmonary trunk close to keep gravity from not pulling the blood down.

· Diastole – relaxation of the heart; when the blood pours into the heart
· Sternum – the breast bone (your chest)

· The atria have thinner walls than the ventricles cuz they only have to pump down to the ventricles.  The right ventricle is thinner than the left because it has to pump blood to the lungs, whereas the left ventricle has to pump blood into the rest of the body.  

· cardiac cycle – one complete sequence of filling and pumping blood

· cardiac output – volume of blood per minute that is pumped by the left ventricle.  Depends on 2 things:

· heart rate – rate of contraction (# of beats per minute)

· stroke volume – amount of blood pumped by left ventricle in each contraction (75 mili-liters) 

· cool fact – person has about 5.25 liters of blood in them

· Pulse – your arteries expand when they receive blood, so u can basically measure your heart rate by doing this.

· Heart murmurs – characterized by a hissing sound, this is when blood squirts backwards through the valve.  Most of them don’t screw up your flow too badly

· Sinoatrial (SA) node or pacemaker – composed of specialized muscle tissue, its located in the right atrium near the area where the superior vena cava enters.  It creates an electrical impulse that spreads through the heart quickly due to the intercalated discs.  The SA node is controlled by 2 nerves; one slows the pacemaker down while another speeds it up.  Also, it is affected by hormones like adrenalin.  Also, the higher ur temp, the faster the heart beats  

· Atrioventricular (AV) node – in the wall between the right atrium and right ventricle, it delays the impulses for 0.1 seconds before spreading to the walls of the ventricles.  This lets all the blood from the atria empty into the ventricles.

· Electrocardiogram (ECG or EKG) – measure the impulses sent by the SA node (measure your heart beat)

· Epicardium made of connective tissue and elastic fibers.  Myocardium made of smooth muscles and elastic fibers.  

· Endothelium – 1 cell layer thick, makes up the wall of blood vessel and minimizes resistance to flow of blood.

944-952 (How excretion actually works in humans)

· Kidneys in vertebrates usually work with osmoregulation and excretion

· Kidneys are built of tubules
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· Kidney fed with blood from the renal artery (where blood enters the kidney) and renal vein (where blood leaves the kidney)

· Ureter – duct through which urine exits the kidney

· Urinary bladder – place where both of the ureters dump into

· Urethra – a tube that transports the urine from the urinary bladder to the outside of the body (penis or vagina)

· Renal cortex – outer layer of kidney (pink on picture)

· Renal medulla – inner layer of kidney (yellow on picture)

· Nephron- consists of a single long tubule and a ball of capillaries called the glomerulus (so one of the lanky tubes in the renal medulla)
· Bowman’s capsule – surrounds the glomerulus - (the ball of capillaries in the kidney) 
· ***Filtration – blood pressure forces fluid from the blood into the capillaries of the glomerulus.  The tubules can only receive small particles (nothing like blood cells, plasma, etc).  These small particles include salts, glucose, urea, vitamins, etc.  Then, the filtrate passes through the proximal tubule, the loop of Henle (that one place where the tube goes down and then curves all the way back up again, and the distal tubule (the tubule near the collecting duct – receives processed filtrate from many nephrons and leads into the renal pelvis, which is drained by the ureter)    

· Cortical nephrons – make up 80% of the nephrons, they have a much smaller loop of Henle (the big-ass loop).  

· Juxtamedullary nephrons – have a huge loop of Henle; make up 20% of human nephrons.  Only mammals and birds have these, and they are good for water conservation.

· ***Both the nephrons and the collecting ducts have a transport epithelium that lines them.  It processes the filtrate to create urine.  Also, more importantly, it reabsorbs solutes and water.  180 L of blood is initial filtrate, but after reabsorbing almost all the sugar, vitamins, nutrients, and 99% of water, you have 1.5 L of urine.

· Afferent arteriole – branching off of the renal artery, it provided the glomerulus with blood.
· Efferent arteriole – The arteriole that comes out of the glomerulus into the peritubular capillaries, which spiral around the proximal and distal tubules.
· Vasa recta – the capillaries that feed the loop of Henle
· Proximal tubules – absorb 90% of the important buffer bicarbonate (HCO3-).  Also, it reabsorbs all of the sodium, which is then passes into the interstitial fluid and into the capillaries. 
· ***IMPORTANT!!!  Things don’t move directly form the capillaries to the tubes.  For example, potassium must start in the…in this case the proximal tubule…and move into the interstitial fluid.  Only then can it pass into the peritubular capillaries. 
· Descending limb of loop of Henle is permeable to water but not to sodium.
· Ascending limb, in contrast, permeable to sodium but not water. 
· Collecting duct also absorbs a lot of salt in the outer medulla.  But in the inner medulla, it is permeable to water and urea…which helps conserve water.
· Antidiuretic hormone (ADH) – When the blood osmolarity is high (osmolarity is amount of solute in blood), this is produced in the hypothalamus. It makes the distal tube and collecting duct more permeable to water.  Thus, more water is being reabsorbed into the blood, increasing the osmolarity of blood.
· Juxtaglomerular apparatus (JGA) – the tissue in the kidney that makes rennin
· Angiotensin II – created when renin makes a chemical reaction to make it.  It basically raises blood pressure in several ways.  One, it constricts arterioles and takes blood flow away from capillaries.  Also, it makes the proximal tubes reabsorb more sodium-chloride and water, thus increasing the blood pressure.  
· Renin-angiotensin-aldosterone system (RAAS) – basically, it raises your blood pressure.  When blood pressure high, renin made less
· Atrial neatriuretic factor – released from the atria walls, this decreases blood pressure.
· Look at pg 951 for different kidney structures of different animals  
*** Much of these notes have been taken while reading Campbell Biology 6th Edition (by Campbell and Reece), and the diagrams are taken from it too.    
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One double bond. The other Oxygens are all slightly negative





When an enzyme is added, it lessens the activation energy, making it so that reactions happen easier.





Ends up with less free energy than it started with
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Activation energy – This means that the reactants AB and CD must absorb enough energy from the surrounding to surmount the hill of activation and become so unstable that they degrade into AC and BD, losing energy in the process.
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This step gives off two NADH’s
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Paramylin granule – holds surplus food.  Surplus food is stored as paramylin (polysaccharide)





Pyrenoid – helps with food production in the chloroplast





Chloroplast





Contractile vacule – expels excess water





Light detector: detects light not blocked by eyespot. As a result, organism moves towards light





Eyespot: Functions as a light shield, allows light from only a certain direction to strike the light detector
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Control of Cell cycle:


CDK – cyclin dependant kinase:


When cyclin attaches to the allosteric site, it becomes MPF


MPF – Maturation promotion factor:  phosphorylates the things necessary for mitosis to happen. 


1. causes the nuclear envelope to fragment


2. phosphorylates proteins that you need to initiate mitosis


3. triggers cell to go from G2 to Mitosis











