BI338 notes:

CHAPTER 9:
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Organelles with double membrane = nuclear envelope, mitochondria, chloroplast

Plasma membrane 

Endosomes = take up soluble macromolecules from exterior

Lysosomes = acidic organelles that degrade material inside cell
		- only in animal cells
		- degrade to monomeric subunits (amino acids, nucleotides etc.)
		- only really work in acidic environments

Peroxisomes = plants and animal cells
		- peroxide (in the fucking name) H2O2
		- contain oxidases/ catalases
			- oxidation  acetyl groups  biosynthesis
		- detoxify certain molecules to safer ones
		
Smooth ER = synthesis of fatty acids / lipids
		- in liver  detoxify hydrophobic chemicals (eg carcinogens) 

Rough ER = protein synthesis
		- sends to golgi
Golgi complex = processes and sorts secreted proteins

Vacuole = also acidic lumen like lysosome
		- only plants
		- storage

Mitochondria = ATP production

Chloroplasts = photosynthesis in plants
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LIGHT MICROSCOPY: limit 200 nm

Bright field light microscopy =  
- fixed and stained cells
- fixed/ labelled tissue sections
- uses tungsten lamp (as does phase contrast)


Phase contrast/ differential interference contrast (DIC) =
- use differences in refractive indexes
- used for live cells  see movement
- unstained tissues
- outlines of large organelles within cell

Fluorescence microscopy =
- examples are GFP = green fluorescent protein, antibodies
- as long as specimen is stained with fluorescent ‘something’  its good 
- specific protein (even in live cells), organelles etc. can be seen
	- can see 4+ different proteins
- live or fixed  as long as stained
- except whole mount tissues  blurry (thickness)
- use mercury lamp and dichroic mirror

Confocal =
- use laser
- used for thick specimens
- much sharper compared to fluorescence or light microscopy
- can’t be used on live cells
- can see specific proteins
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ELECTRON MICROSCOPY:
- has to be fixed and sectioned

Scanning electron microscopy =
- sample coated with metal
- electrons scanned over sample  secondary e released from coating onto detector
- views surfaces  can be unsectioned 
- limit = 10 nm
- appears 3D

Transmission electron microscopy =
- sample must be sectioned thin
- beam of electrons pass through sample  ones that pass through go onto detector
- limit = 0.1 nm
- can see specific proteins 

*******Slide 45*********

Primary cell cultures:
First cell/cell and cell/ matrix interactions must be broken 
	- done by depleting Ca 2+ and Mg 2+ with cation chelator, and adding proteases
- try to remove fibroblasts  will predominate
- limited life span  due to finite number of cell divisions (cell senescence)
- called cell strain

Transformed cells:
- cell grow indefinitely  called cell line (immortal)
	- as long as nutrients are supplied

FACS  seperates based on charge after light emitted from fluorescence

Differential centrifugation  separates based on density
	- also equilibrium density centrifugation
	- last pellet  ribosomes
	- last supernatant   cytosol

SDS-PAGE  denatured with SDS
		- place in gel  will separate on size  smallest migrate most
				- negative  positive

Immunoblotting  first antibody used to detect presence of protein
		- second protein used to detect first antibody used  reacts to make visible

Chromatography:

Gel-filtration  separate based on size, small proteins get stuck in pores

Ion-exchange  separate on charge, cation = positive

Antibody-affinity  separate if protein is bonded by antibody, will be held and come out last

CHAPTER 10:

Phosphoglycerides:
- principle building block for membranes, glycerol-3-phosphate
- amphipathic  hydrophobic tail, hydrophilic head
- esters attached to tails (2x) and 1 ester with phosphate for head
Type plasmalogen  one ether bond, 1 ester bond
- mostly on cytosolic leafley

Sphingolipids:
- all derived from sphingosine
-phosphate polar head as well
- amide bond
- type = glycolipids  most abundant in nerve cells, have sugar bonded to sphingosine
	-gangliosides  oligosaccharide bonded 
- mostly on exoplasmic leaflet

Steroids/ Sterols / Cholesterol:
-four-ring hydrocarbon
- amphipathic  hydroxyl group in cyclo chain
- evenly distributed between leaflets
- triacelglyerol  not membrane lipid


Phospholipid:
- prevents hydrophilic molecules from crossing
- van der waals help maintain structure of lipids, hydrophobic bonds as well

- cytosolic face = faces inside
- exoplasmic face = faces outside
	- endocytosis = cytosolic face stays closest to cytosol
- asymmetry between faces

Fluidity:
- cholesterol  can increase thickness  increases order
	- PC but not SM
	- lowers fluidity at high temps, increase fluidity at low temps
- longer/ saturated fatty acid chains  more gel-like
	- short chains  less surface area, less van der waal interactions  more fluid
	- unsaturated  prevent kinks/unpacking

FRAP  photobleaching, phospholipid is mobile

Lipid rafts  higher levels of cholesterol and sphingolipids
		- longer/saturated fatty acids
		- cell-signalling proteins
		- thicker, less fluid than rest of membrane


Membrane Proteins:

Integral (transmembrane):
- 1+ domain embedded in membrane  either alpha-helix or beta-strand
- can only be removed with detergent
- single pass (type 1 or 2) or multi-pass (type 3)
-type 1  N : extracellular, C : cytoplasmic
-type 2  opposite
-type 3  multi-pass
- examples  glycophorin (type 1)/ bacteriorhodopsin (type 3)   both alpha-helix
		- OmpX  beta-barrels
Peripheral:
- associates with integral protein/lipid anchored (indirectly) or lipid head group (directly)

Lipid-anchored:
- bond covalently to 1+ lipids

Blood groups  everyone can accept O, type AB can receive from ALL


Detergents:

Ionic  denature proteins
Non-ionic  more mild, do not denature, keeps proteins soluble

CMC (critical micelle concentration)  above this level  form micelles
					- below  proteins soluble

Fatty acid synthesis:
-first in cytosol of ER  form fatty acyl CoA  bind with glycerol phosphate
	-phosphatidic acid binds to membrane  polar head group binds
	- flippase moves to explasmic leaflet

- in ER  can desaturate and elongate carbon chain

-free fatty acids need FABP to assist in solubility and transport through cytoplasm

-phospholipids/cholesterol can be transported by : vesicles, membrane-membrane interactions, and lipid-transfer proteins

 Cholesterol synthesis: 
- HMg-CoA reductase (rate-limiting step)cholesterol  vitamins, bile acids, hedgehog proteins etc.
- 8 alpha-helices, 5 of them = sterol-sensing domain
- can also be controlled by: expression of cholesterol genes and LDL receptor genes
				- can be upregulated
-promoter regions for these genes  sterol regulatory elements (SREs)
		- transcription factors (SREBPs): - bound to ER membrane
			High levels of cholesterol  on ER, with association with SCAP and Insig 1+2
			Low levels of cholesterol  move to golgi, releases bHLH  nucleus  induces 							   expression of HMG-CoA reductase + LDL receptor SREs	
				

Cholesterol from diet:
- not soluble  form lipoproteins:
				- phospholipid monolayer with some cholesterol, some proteins
				- interior  hydrophobic core of esterified cholesterols and trigycerols

- more in chapter 14?

CHAPTER 11:

Relative permeability of bilayer:
Permeable to  gases, small uncharged polar (water, ethanol, urea)
Impermeable  ions, large uncharged polar (glucose), charged polar (proteins etc)

Simple diffusion  O2, urea, steroids
			- requires no protein
			- down gradient
Facilitated transport  glucose, water, ions
			- requires a protein
			- down gradient
			- uniporters and ion channels (fastest)

Active transport  ions, lipids
		- ATP-powered pumps
		- requires protein
		- against gradient
		- coupled to ATP hydrolysis
		
Cotransport  also called secondary active transport
		- requires protein
		- one down gradient, other against gradient
		- symporter – in same direction
		- antiporter – in opposite direction

Osmotic  pressure:

- plants with turgor pressure  keep most of solutes in vacuole
- epithelia of animals  Cl-secretion hydrates mucous  cystic fibrosis

Salinity:
- hard to extract water from soil and accumulates Na2+ in cytoplasm

Plant vacuole:
- more acidic than cytosol (more H+)
- more positive in vacuole than cytosol
- ATP and pyrophosphate powered pumps H+ against gradient 
- antiporter uses gradient  pumps H+ out, Na, Ca and sucrose inwards

Transepithelial transport  SLIDE 43 and 44******** Page 471

Aquaporins:
- 6 transmembrane domains with 2 x NPA motifs
-NH3 and COO- end in cytosol

ATP-powered pumps:

P-class pumps:
- transport of ions  H+ pump, Na+/K+ pump, Ca2+ pump etc 
- 2 alpha units  at least one phosphorylated during transport
- on plasma membranes of plants, animals, fungi

V-class pumps:
-  only transports H+ generate low pH of vacuoles and lysosomes endosomes
- uses ATP
- H+ against gradient
F-class pumps:
- reverse proton pump  H+ down gradient  synthesis of ATP
- on membrane of mitochondria, thylakoid of chloroplast

ABC superfamily:
- ATP-binding cassette  basic structure – 2 x transmembrane domains + 2 x cytosolic domains ATP-											binding domains



CHAPTER 12: PART 1

Aerobic oxidation:

Stage 1 – Glcolysis:
-in cytosol
- degrade glucose  2 x pyruvate
- uses 2 ATP  produces 4 ATP and 2 NADH
- 10 steps
3 primary enzymes:
i) hexokinase – 1) glucose  2) glucose-6-phosphate
ii) phosphofructokinase – 3) phosphofructokinase-1 4) fructose 1,6-biphosphate
	- inhibited by  high ATP and high citrate
	- activated by  high AMP, insulin  phosphofructokinase-2  fructose 2,6-biphosphate
iii) pyruvate kinase – step 9-10, final step to produce pyruvate
- all use ATP

Regulation:

Animals:
- feed forward  fructose 1,6-biphosphate activates pyruvate kinase

Plants:
- bottom up  phosphofructokinase inhibited by phosphoenol-pyruvate

Once pyruvate is formed:

Oxygen  goes to mitochondria for cellular respiration

No oxygen  fermentation to regenerate NAD+
	i) lactate fermentation  forms lactic acid in muscles
	ii) alcoholic fermentation  forms ethanol  in yeast

Stage 2a – pyruvate oxidation:
- in mitochondria matrix
- pyruvate + NAD+ + CoA  acetyl CoA +1 CO2 + 1 NADH
- pyruvate dehydrogenase

Stage 2b – Citric Acid Cycle:
-in mitochondria matrix
- 9 steps
- acetyl CoA + oxaloacetate  enters cycle  produce: 2 CO2 + 3 NADH + 1 FADH2 + 1 GTP

Beta-oxidation of fatty acids  in mitochondria and peroxisomes
				- in peroxisomes called glyoxysomes
				- converts Acetyl CoA to carbohydrates

Stage 3 - electron transport chain:
- inner membrane of mitochondria 
- page 496-498
- flavoproteins  FMN and FAD
		- transfers both electrons and protons
-iron-sulfur proteins  iron transfers only electrons
			- nonheme
-cytochromes  integral membrane proteins
		- cytochrome c = peripheral membrane protein
		- only transfer electrons
		- contain iron
		- heme group
- coenzyme Q  only non-protein
		- both electrons and protons
complex order:
NADH-CoQ reductase  CoQ  CoQH2-cytochrome c  cytochrome c  cytochrome c oxidase

-F-class ATP synthase  produces ATP

CHAPTER 12: PART 2

Photoexcitation = absorption of photon by pigment  ground state to excited state

Resonance energy transfer = transfers energy to an electron in adjacent pigment

Photoreduction = passing of excited electron to organic acceptor molecule

Light dependant reactions:

Photosystem:

-LHC absorbs photon on antenna pigment
- resonance transfers to reaction centre chlorophyll
[bookmark: _GoBack]- electron transfer 
