Properties of monosaccharides

· The colour that you see is the colour that was not absorbed
· Visible light is 400 nm – 700 nm
· If a molecule does not have any resonance it does not have any colour
· Hemoglobin is a protein that is red, it is coloured because of the transitional metal iron. 
· Organic chemicals have low densities (C, H, O, N is around 1.5)
· Fats float because they have a lot of hydrogen
· Sugars sink because they hae a lot of oxygen
· Mercury has a density of 13  mad hatters
· They are very soluble, but they are not charged.
· They taste sweet if the receptor fits well
· Racemic mixtures and symmetric compounds(meso) will not have optical activity as 1 half cancels out the other


Mild oxidation – chemical
· Fehlings test = a classification system for sugars
· A positive test looks red, means the sugar has a free aldehyde or ketone
· These are called reducing sugars
· This test makes the carbonyl into a carboxyl
· Ie glucose to gluconic acid
· When you oxidize the C1 it becomes an ONIC acid
· Ie mannose to mannonic acid



Mild oxidation – enzymatic
· Glucose oxidase
· Used to identify and measure glucose
· You get a lactone which has no charge
· Lactone = CYCLIC ester
· Ester = acid + alcohol
· Urine strips use this to test for too much glucose in a bladder infection


· Carbon 1 is equally oxidized in the acid and the lactone
· To go the other way from the lactone to the acid since there is no oxidation change you only need hydrolysis to open it up
· Glucose oxidase is specific and only for glucose. Fehlings test can be used for all reduced sugars. BUT Fehlings test comes up red so could not be used in blood.
· Glucuronate is more charged than glucose so it is easier to excrete
· Reduction of sugar makes alditols which exist in only linear form
· Deoxysugars = a hydroxyl group is replaced by a hydrogen and the carbon is reduced


Bonds between sugars
· Glycosidic bond = between the alcohol of one sugar the free alcohol of he hemiacetal of the other sugar
· Glycosidic bonds are very strong
· Alpha – 1,4 = maltose = two glucose molecules linked at C1 and C4
· Beta-1,4 = lactose = galatose and glucose
· Alpha-1,Beta-2 Bond = sucrose = glucose and fructose
· Sucrose has no free anomeric  carbon therefore it is not a reducing sugar and would test negative on Fehling
· Glycoside = sugar and nonsugar linked by glycosidic bond




Polysaacharides
· Plants use starch
· Animals use glycogen


1) Starch
· Amylopectin and amylose
· Amylopectin is chains of glucose with A-1,4 bonds and branching A-1,6 bonds at every 24 residues. It is too big to be soluble.
· Amylose is a linear chain of glucose units linked with A-1,4 bonds, a helix with 6 residues per turn as it is a helix
· Stored in 1 um granules

2) glycogen
· much more compact
· chains of glucose binded by A-1,4 bonds with branching (A-1,6) bongs at every 8 residues
· stored in 0.1 um granules
· shaped like a ball, insoluble as a whole, but soluble on the surface
· glycogen metabolism = 2 enzymes for cutting bonds, 2 for making the bonds
· each granule only has ONE molecule
· it is best to store glucose as glycogen because otherwise it would increase osmotic pressure and would be very hard to take it up from the blood



Structural polysaacharides

1) cellulose
· cell wall of plants
· half of carbon in biosphere
· we cannot digest it though
· cattle have bacteria in their stomach that can break it down, and termites as well. 
· Fungi can break it down
· Linear chain of glucose units bonded by BETA-1,4
· Basically a polymer of glucose dimers with hydrogen bonds inbetween the chains

2) Chitin
· Shells and invertebrates
· Just glucose with an acytl sub
· Amine is at C2
· B-1,4 bonds hold it together
· The amine group makes the surface plasticky and thus inaccessible to enzymes


Complex polymers
· Form extracellular matrices
· Body makes them by polymerizing disaccharides
· Slimy, mucus like because they are long and associated with water and have a lot of hydrogen bonds
· Water and polymers = spit

1) Hyaluronic acid
· In joints
· Negatively charged and joined at position 3

2) Dermatan
· Natural L sugar
· Has a sulfate group giving negative charge

3) chondroitin-4-sulfate
· put into joints, very expensive
· has COO- and sulfates
· negative charge on each ring

4) heparin
· anticoagulant
· COO- and sulfates on each ring
· Very charged
· Each ring has 2 negative charges


Blood information
· O blood has 4 sugar residues at the end
· A blood has an extra ring
· B blood has an extra group on the ring
· Binding site is so specific  anaphylactic reaction kills you the 2nd time



Complex polymers attached to proteins
· Proteoglycans
· Used for lubrication, for the dampening of shocks
· Collect lots of water on the edges
· Glycoproteins = proteins that contain a small amount of sugar, they are more soluble because of the carbs on the surface


Polysaccharide sizes are not well defined. 
























Nucleic acids
· Nucleotide = base + sugar + phosphate 
· Bases = purines and pyrimidines, nitrogen rings
· Bases are not soluble in water, not really bases, flat, not chiral, no optical activity (not enough resonance therefore white)
· Tautomerisation = different forms created by the movement of a proton
· Bases absorb light at 260 because of the double bonds
· Beta D Ribose is NOT in DNA
· DNA has 2-deoxyribose
· Nucleoside = sugar + base
· Syn = closest to 5’ position
· Anti = farthest away from 5’ position (5th carbon of sugar)
· NUMBERS FOR THE SUGAR CARBONS ARE ALWAYS PRIMES


Base = nucleoside = deoxynucleoside
Adenine = Adenosine = deoxyadenosine
Guanine = Guanosine = deoxyguanosine
Cytosine = cytidine = deoxycytidine
Uracile = uridine = ----
Thymine = ---- = thymidine


· Nucleotides = nucleosides esterfied with phosphate
· Costs a lot of energy as it is not easy to bring two negative charges together
· Phosphodiester bond = bond in nucleic acids
· pA + pC  pAC (A is 5’ and C is 3’)
· phosphodiester bond has 1 negative charge
· if it is DNA there is thymine
· if it is RNA there is no thymine and it is uracil
· always write the sequence from 5’ to 3’



The structure of DNA
· chargoff analysed the nucleotides: A = T, G = C, and purines = pyrimidines
· rosalin franklin had x ray pictures of DNA
· double helix in 1953 by waston and crick  the bases paired via hydrogen bonds!
· DNA has two strands, forming a double helix
· Highly negative charge along strands
· Base pair every 0.34 nm
· Strands are anti parallel
· Bases are in the middle
· Sugar and phosphates are on the outside
· Right handed 
· 10 base pairs/turn
· major and minor grooves
· A and T has 2 bonds
· G and C has 3 bonds (more stable)
· Denature = break the base-base interactions by heating to separate strands
· Hyperchromic shift = 30-40% increase observed in the absorption of DNA when it is denatured with heat due to less hydrogen bonds
· Melting temperature = when ½ of the maximum hyperchromic shift is observed, show how strong DNA is 
· Reassociation = brining back the DNA strands together with accurate base pairing, how fast it happens depends on the concentration of the strands. If you want it to be faster have a higher concentration and a better temperature. 


Hybridization
· Hybridization of nucleic acids = denatured complementary nucleic acid strands come back together with accurate base pairing
· Used to look for or measure a sequence when you have the complementary part of it
· Imperfect hybrids = contain some mismatches and can be made at high salt or low temperatures, ie using a mouse gene to find it in humans

Supercoiling
· Extra twists compared to Watson and crick
· Stable in DNA as proteins hold them in place and there is no free end
· Positive = overwinding and same direction as helix
· Negative = underwinding and opposite direction as helix
· Negative basically brings you back to Watson and crick


· Linkage number = subtotal of all the twists in DNA
· Our DNA is 5% undercoiled
· DNA is like a library – there is a lot of waste, selectively pick what you want and take only what you need
· DNA  RNA via transcription in nucleus
· RNA  Protein via translation in cytoplasm
· RBC have no nucleus therefore no DNA  as it spits out the nucleus it saves the mRNA for hemoglobin which gives it its colour


Chromosomes
· Typical cells = 23 pairs of chromosomes = 6 x 109 base pairs
· Average size of a gene is 3 x 109 / 20 000 genes
· Mitochondria have small circular DNA
· Gametes are haploid
· We have a lot of small chromosomes
· Not a normal distribution of them
· We are diploid
· We only get mitochondria DNA from mom
· 3 x 109 is haploid
· human cell cycle is 1 day and metaphase is a very tiny part
· only those in metaphase are chromosomes  4% of our cells
· plants have more in metaphase because of breakage zone


Eucaryotic DNA
· chromatin = genetic material found in nucleus
· chromatin = DNA with histones and nonhistone proteins
· histones = 5 small basic proteins, bring DNA together and allow it to fold up
· histones are very conserved and positively charged as they have lots of Lys and Arg
· non histone proteins =key enzymes that latch and control DNA
· nucleosome = two LEFT handed turns of DNA around an octamer of 4 histones
· nucleosomes are about every 200 base pairs


Translation
· making a protein
· done by a ribosome which is a big enzyme
· the genetic code dictates which amino acid will be used by the ribosome at each step
· genetic code = 3 nucleotides (a codon) giving info for each amino acid
· exon = gives us our mRNA, good stuff
· intron = not in mRNA, junk.
· We splice out the introns
· Average mRNA is 2000 bp
· Not all genes have introns






RNA

1) ribosomal RNA
· structural role
· part of the ribosome
· very few species
· 28 S and 18S are used in gels as markers, a good sample will have two sharp peaks here. If there is a tailing off, it is degraded

2) transfer RNA
· catalytic
· has weird bases
· transfers amino acids into protein using ribosome
· the ribosome has a site that recognizes tRNA
· small size
· all tRNAs have common structural features so that the ribosome can grab it at the site
· there are 40 different ones and all have CCA at the 3’ end
· has a cloverleaf structure
· since there is less double stranded stuff there is only a 20% increase when denatured
· in 3D you get an L shape though when you consider the cloverleaf structure where the loops fold and hydrogen bonds form
· each tRNA binds to a specific amino acid
· there can be homologous or isoaccepting ones multiple tRNA for the same amino acid


3) messenger RNA
· messenger/informational
· brings information for a protein into the cytoplasm
· has a 5’ cap  7 methylguanine, how the ribosome tells something is a message
· has a poly A tail at 3’ end  stabilizes mRNA and not coded for by the gene, enzymes add it in the nucleus (poly A polymerase)










Preparation of DNA and RNA
· break open cells, centrifuge, solubilize differentially, precipitate
· DNA can be broken by pipetting, mixing but you will never get a complete genomic DNA
· RNA is very sensitive to hydrolysis  an enzyme chews them up
· Restriction enzymes = cut DNA at specific short sequences



Amount
· You can see how much you have by reading their absorbance at 260
· Ethidium bromide makes DNA shine orange in UV light


Size
· Electrophoresis through agarose gels
· Small molecules move through the pores of the gel faster
· DNA and RNA go towards the anode (positive end) as they have negative charges due to the phosphate


Blotting
· Blot = transfer molecules in a gel (got from electrophoresis) onto a membrane and fix them
· Southern blot = transfer DNA
· Northern blot = transfer RNA
· Hybridizing it is used to measure a specific sequence  make a probe and hybridize it with the blot, unreacted spots will wash away and when youre done your film will show where the probe reacted
· Good thing is the probe doesn’t have to be the full sequence nor the exact















Serine Proteases
· A diverse group of proteolytic enzymes
· Have a reactive Ser group that is needed for their activity
· Have been examined a lot, therefore well understood
· Chymotrypsin, trypsin and elastase are examples


Kinetics and Catalytic Groups
· Chymotrypsin, trypsin and elastase are digestive enzymes made by acinar cells and secreted into the duodenum via the pancreatic duct
· They all catalyze the hydrolysis of the peptide bond together


Ester Hydrolysis as a Kinetic model
· Chymotrypsin can act as an esterase as well
· In the reaction of p-Nitrophenylacetate to p-Nitrophenolate and acetate using chymotrypsin there are two phases
· In the “burst phase” p-nitrophenolate ion is formed rapidly
· In the steady-state phase it is produced at a reduced but constant rate
· Therefore chymotrypsin follows a ping pong bi bi mechanism


Identifying Catalytic Residues
· To find active Ser 195 you react it with DIPF (diisopropylphosphofluoridate) which irreversibly inactivates the enzyme
· Side note: DIPF is very toxic and used as a nerve gas
· To find His 57 you use affinity labeling – a substrate analog that has a reactive group binds at the active site forming a covalent bond with a nearby group. TPCK (tosyl-L-phenylalanine-chloromethyl ketone) is used for chymotrypsin


X-Ray structures
· Chymotrypsin, trypsin and elastase are very similar
· They all have an active Ser and essential His
· They all have similar kinetic mechanisms
· Their X-ray structure are also similar
· Each proteins are folded into structurally similar domains, each of which have regions of anti-parallel beta sheets in a 6 stranded barrel, but contain little helix
· Catalytic triad = His 57 and Ser 195 in the cleft between the beta barrels and Asp 102 buried in the pocket that are all hydrogen bonded



Substrate specificity on the structural basis
· Chymotrypsin = bulky aromatic side chain fits into a hydrophobic pocket near the catalytic groups
· Trypsin = the cationic side chains can form ion pairs with Asp
· Elastase = rapidly hydrolyzes elastin and its specificity pocket is more like a depression – it cleaves peptide bonds after small neutral residues


Their evolutionary relationship
· The great similarities indicate that they evolved through gene duplications of an ancestral serine protease
· However there are other serine proteases that have no similarities to each other but they still do have a catalytic triad like chymotrypsin – subtilisin, serine carboxypeptidase II and E coli ClpP
· This demonstrates convergent evolution – nature seems to have independently discovered the same catalytic mechanism at least 4 times



Catalytic mechanism
· Chymotrypsin binds to substrate to form Michaelis complex
· Ser 195 neucleophilically attacks the scissile peptide’s carbonyl group to make the tetrahedral intermediate  this is the rate determining step
· His 57 ring takes up the freed proton
· An oxyanion hole now has the carbonyl oxygen and it forms two hydrogen bonds with the enzyme
· The intermediate decomposes to the acyl-enzyme intermediate due to the proton donation from N3 of His 57
· The amine leaving group is released from the enzyme and replaced by water
· The new intermediate is rapidly deacylated and you get your active enzyme again
· A low-barrier hydrogen bond are very short and strong and the catalytic triad takes on this role


Zymogens
· Larger inactive precursors of proteolytic enzymes
· This is needed otherwise they would digest the tissues that make them
· This can lead to acute pancreatitis
· They have very low enzymatic activity due to their reduced ability to bind substrate productively and to stabilize the tetrahedral intermediate


Activating trypsin
· Trypsinogen is activated when it enters the duodenum
· Enteropeptidase hydrolyzes its Lys 15- Ile 16 peptide bond, excising its N-terminal hexapeptide
· This yields the active enzyme
· The trypsin produced catalyzes trypsinogen activation  it is autocatalytic


Activating Chymotrypsin
· Chymotrypsinogen is activated by the tryptic cleavage of its Arg 15 – Ile 16 peptide bond
· This forms pi-chymotrypsin
· This undergoes autolysis to excise two dipeptides yielding alpha-chymotrypsin


Activating Elastase
· Proelastase is activated by a single tryptic cleavage that excises a short N-terminal polypeptide


Preventing premature zymogen activation
· Since trypsin activates enzymes that would cause the pancreas to self-digest it is important that there is an inhibitor to bind to any trypsin in the pancreas 
· As well, pancreatic zymogens are stored in intracellular vesicles called zymogen granules that have membrane walls that are resistant to enzymatic degradation



















LIPIDS

The Pledge – shows you something ordinary that is actually extraordinary
· Plasma membrane defines the cell
· Many subcellular organelles are membrane bounded
· Membranes are made up of lipids and proteins, they allow passage of materials, they regulate the composition of inside the cell
· Lipid rafts shuttle like a ferry and allow synaptic transmission to occur
· Alzheimers disease is the deposition of beta amyloid and tao protein twists, but there are some people that have this pathology but do not have AD, so this suggests that maybe it comes from how you process the carbons you gain from energy and NOT your DNA.
· Synaptic vesicles have a lot of integral proteins, they are “decorated”, the basically traffic everything to the right place
· Lipids = substances of a biological origin that are soluble in organic solvents but not in water. This allows the outside of a cell to form.

The turn – makes something ordinary do something extraordinary

The prestige –built by men who can actually do what magicians pretend to do


Storage lipids
1) Fatty acids
· Carboxylic acids with long hydrocarbon chains and a polar head
· No aromatic rings
· 4-36 carbons
· cellular oxidation of them to carbon dioxide and water is highly energetic, therefore they are a source of cellular energy.
· SATURATED – no double bonds
· UNSATURATED – double bonds
· In plants and animals the chains can be unbranched and fully saturated. Over half of them are unsaturated though. Polyunsaturated means it has more than 2 double bonds.
· Bacterial fatty acids do not have more than 2 double bonds, they are usually branched, hyroxylated and have cyclopropane rings
· Oils and waxes are esters of fatty acids and alcohols, not make by humans
· Most have 12-24 even chains because they are made out of c-c units
· Less than 14 and more than 20 carbons are rare
· In animals 16 or 18 carbons is the most
· We rarely see triple bonds
· ********* 4-36 carbons for biological life available *********


NAMING 
Standard = assign the first carbon position to the carboxyl carbon and the next carbon in alpha.
· 16:1 means 16 carbons long, 1 double bond.
· 12:0 means 12 carbons long and no double bonds
· omega is the end carbon
· you show the double bond with a  delta sign and then the subscript of the number carbon that the double bond is on STARTING FROM THE CARBOXYL CARBON

Alternative = omega is the first carbon. 
· We can say the position of the double bond with respect to the omega carbon
· The first carbon is the methyl at the END OF THE CHAIN
· n – 7 the 7th carbon from the omega end has the double bond
· ie omega 3 = there is a double bond at the 3rd carbon from the omega end


Saturated fatty acids
· very flexible
· no double bonds
· lots of conformations
· free rotation around C-C bonds
· minimum energy in the fully extended conformation given the least amount of steric interference between neighbouring methylene groups
· pack into nearly crystalline arrays, stabilized by hydrophobic interactions
· very rigid
· have more effective van der waals forces and dispersion, so you need more energy to separate them, so it has a higher MP

Polyunsaturated fatty acids
· not very flexible
· double bonds are almost always in cis configuration
· rigid 30 degree bend in the chain and no rotation in ONLY the carbon with the double bond
· they cannot pack very well
· less stable
· less structured
· more fluid
· the longer the chain the higher the MP
· the degree of unsaturation owers the MP as a result of reduced van der waals interactions
· more double bonds makes a lower MP since there are less van der waals forces
· MP is proportional to the length of the chain
· MP is inversely proportional to the # of double bonds

Essential fatty acids
· Omega 3 and 6 are needed for life
· Humans don’t have enzymes to synthesize alpha-linolenic acid
· So we need it in our diet
· Without it our membranes would dissolve and your hair would fall out
· We can get it in cold liver oil
· From ALA we make EPA (eicosapentanenoic acid) and DHA (docosahexaenoic acid)
· DHA is for thought, and if you do not have it the membrane changes shape and transmission is impaired
· EPA is in the nature of our membranes

CATS
· Cannot make arachidonic acid
· Essential fatty acid for them so it must be in their food, absorbed in SI
· They do not have the delta-6 desaturase and delta-5 is repressed.
· Therefore they cannot make arachidonic acid from linoleic acid
· Essential = most animals cant make them – must be absorbed in the SI from the diet 
· They get it from other animals who can make it – ie zebra
· If they do not have enough their hair falls out
· You cant feed a cat dog food because dogs have the delta-6 so they make their own arachidonic acid so it is not in their food


Arachidonic acid in humans
· Our delta-6 is slow and if we don’t eat well or are sick it is even more compromised
· We make the most arachidonic acid if we ingest gamma-linolenic acid
· GLA is then made into dihomo-GLA which can be made into arachidonic acid
· Delta-6 changes LA into GLA












** the optimal ratio of omega 6 to omega 3 is between 1:1 and 4:1
· However, our ratio is closer to 10:1 and 30:1 
· Omega-6 = sunflower oil, sesame oil, turkey, chicken, pork, peanuts
· Omega-3 = salmon, tuna, trout, walnuts, kidney beans.
· A balance is needed for our diets – one is not better than the other


TRIACYLGLCEROLS
· Triglycerides
· Neutral fats
· Nonpolar, water insoluble
· Fatty acid triesters of glycerol
· Simplest lipids made from FA
· Most abundant as they are energy reserves in animals
· Not part of the biological membranes
· Simple triacylglycerols have the same fatty acid chain in all 3 positions ie 3 stearic acid residues
· Has R1, R2, R3
· Most natural ones are mixed residues
· Acyl – fatty acid chain linked to glycerol backbone by an ester linkage


Fats are animal derived
Oils are plant derived
· Both are lipids
· Mixtures of simple and mixed triacylglycerols
· Fatty acid cimposition depends on the organism that make them
· Plant oils have more polyunsaturated fatty acids, so a lower MP
· Fats are solids = saturated fatty acids
· Oils are liquids = polyunsaturated fatty acids
· If the MP are above room temperature it will be a solid
· Oils are not 100% unsaturated, just more enriched with double bonds than saturated
· Lipids have lower specific gravities than water
· When you mix oil and water you get two phases
· Oil will float on top of the water


Trans fats
· Can have double bonds and higher MP
· Used to increase the usage of oil
· Most of biological life
· Lipid rich foods can spoil when exposed for a while to oxygen
· Unpleasant taste/smell comes from oxidative cleavage of the double bond in unsaturated fatty acids
· This makes aldehydes  and carboxylic acids, that are more volatile
· To stop this peroxidation and make them more stable at high temperatures (deep frying), vegetable oils are partially hydrogenated
· Hydrogenation = infuse hydrogen to convert the cis double bonds to single bonds, so there is a higher MP and they are almost solid at room temperature
· Margarine = vegetable oil that is partially dehydrated
· Cis bonds are also made trans
· More cardiovascular disease


Case study
· Michael davis studied people who died of an acute coronary event
· Found that the lesion was a recent tear or fission
· Good lumen size, but there is a quite large plaque, then further down we see a much smaller vessel lumen, and a huge plaque.
· A lesion from the lumen into the plaque
· Cause of death?
· Once a big plaque, which seems to be filled with thrombus, you can see the plaque cap


Triacylglycerols are energy reserves
· Fats store energy
· In food and mainly storage fats
· A greater source of energy
· Storing them in the absence of water is more efficient
· They are less oxidized than carbs or proteins so they make more energy on oxidation
· The non polar hydrocarbon chain is stored in the absence of water, so more glycogen can bind, thus more energy


Fat cells
· Adipocytes
· Specialized cells capable of synthesis and storage of triacylglycerols
· Almost completely filled with fat globules  stored energy
· Found in the subcutaneous layer and abdominal cavity in humans
· Men = 21% women = 26%
· Energy stores – abdominal
· Thermal insulation – subcutaneous
· Buoyancy – neural stores, when a whale feeds it has to dive down very low, it looses its energy as it gets there.

Biological use of MP
· Spermaceti organ in whales
· Is a blubbery  mass in sperm whales that has 4 tons of spermaceti oil
· This oil is a mix of unsaturated triacylglycerides and waxes
· Waxes are esters of fatty acids and long chain alcohols
· It is a liquid at normal resting body temperature in the whale – 37
· Crystalizes at 31
· Becomes solid any lower
· Sperm whales feed on squid, which is deep in the ocean
· They have to dive almost 3 km down where they have to wait for their prey
· To stay here without swimming they need the same buoyancy as the water
· Rapid cooling during the dive solidifies the oil and the buoyancy of the whale assumes the density of seawater


Structural lipids in membranes
· Double layer of lipids
· Barrier to passage of ions and polar molecules
· Amphiphilic
· Glycerophospholipids
· Galactolipids and sulfolipids
· Archael tetrether lipids
· Spingolipids
· Sterols


1) GLYCEROPHOSPHOLIPIDS
· Glycerol 3 phosphate esterfied at the C1 and C2 positions to fatty acid and at their phosphoryl group to a defining group X
· Posphatidyl = sn1 and sn2 are esterfied, there is an ester linkage
· By adding a substituent onto glycerol it is made chiral
· Sn = stereospecific numbering – C1 is the group of the prochiral compound that occupies the pro-S position
· Hydrophilic polar head group is joined to the glycerol via a phosphodiester linkage
· The head groups X are from polar alcohols
· Each derivative is named for the head-group alcohol (x) and prefix phosphatidyl
· Saturated fatty acids with 16-20 carbons are at the sn1 position
· Unsasturated fatty acids with 16-20 carbons are usually at the sn2 position
· Ethanolamine, choline and serine are most common polar head groups
· Acyl chain = ester linked hydrocarbon chain
· PLASMALOGENS = sn1 fatty chain is bound by an ether linkage (double bond between first two carbons). NEUROTRANSMISSION. Ethanolamine polar group.
· PLATELET ACTIVATING FACTORS = alkylacylglycerophspholipid
· They are fully saturated fatty acid linked to the glycerol backbone by an ether linkage at sn1
· An acyel acetate is linked by ester linkage at sn2, choline on sn3




2) SPHINGOLIPIDS
· Major membrane components 
· Polar head group, 2 nonpolar tails, NO GYLCEROL
· One molecule of the long chain amino alcohol sphingosine
· Not stereospecific
· Carbon 1 is the carbon of the sphingosine backbone that links it to the X
· Polar group joined by glycosidic or phosphodiester bond
· The fatty acid is at the second carbon position
· The 3 subgroups are all derivatives of ceramide 
a) sphingomyelins – phosphocholine or phosphoetanolamine as their polar head groups. In the myelin sheath produced by oligodendrocytes that wrap around the neurons. 
b) Glycosphingolipids – outside plasma membranes, head groups with sugars connected to the OH at the C1 of ceramide. No phosphate.
i) cerebrosides – simplest ones, ceramides with a single sugar as their head group. 
ii) Galactocerebrosides – B-D-galactose head group and are in neurons.
iii) Glucocerebrosides – B-D-glucose head group, in all cell types
c) Gangliosides – most complex, have a sialic acid residue with their   sugar, cell surface membranes, a lot of brain lipids. TAY SAACHS. FORM A ELLIPSOIDAL MICELLE NOT SPHERICAL.


TAY SAACHS
· Not enough hexosaminidase A
· Get an accumulation of brain gangliosides
· Infants develop normally for first few months
· Leads to mental and physical deterioration
· Blind, deaf, cant swallow, muscle atrophy, paralyzed
· Live till about 5
· Sialic acid is a neuroaminidase.
· Hexo cleaves by taking the acids from certain gangliocides
· With the mutation you cannot recognize the substrate so you get too many
· They develop over time due to your diet, 
· 1 mutant allele you can survive
· so terrible and so painful when you have both mutatant alleles
· lipid rich areas appear whiter – white matter tract, heavy myelinated fibers connecting both sides of the brain. 
· T1MRI 
· Thalamus is very lipid rich, but after you have a build up of gangliocides in a bunch of areas they should not be in, myelinated fiber tracts actually decrease in the number of spingolipids
· The body is trying so hard to adapt to the environment that they decrease sphingomyelin in the fiber tracts as the body is trying not to make any sphingolipds at all.
· Build up in the caudate and thalamus, leads to atrophy of the brain
· Brain shrinks!



3) Sterols/steroids
· Major in membranes
· Very rigid, almost planar
· No rotation around c-c bonds
· Derivatives of cyclopentanoperhydrophenanthrene
· ***cholesterol = major one in animal membranes
· four fused rings
· 3 have 6 carbons
· 1 has 5 carbons


Lipid Metabolism
· Cells obtain fatty acids from 3 sources = fats in the diet, fats stored in cells as lipid droplets, fats synthesized in one organ and brought to another
· Vertebrates get fats/oils in the diet, mobilize the fats in our adipocytes, and use the liver to convert extra carbs into fat for other tissues
· Triacylglycerols provide more than half of the energy to heart, liver, skeletal muscles.






Lipid digestions
· Triacylglycerols are water insoluble
· Digestive enzymes are water soluble
· Triacylglycerol digestion takes place at lipid-water interfaces

1) ingested triacylglycerols must be converted from insoluble fat to finely dispersed micelles
· emulsion = bile salts
· remove the fatty acyl chain, conjugate it to an AA, a detergent, stored in the gall bladder
· bile salts are made from cholesterol and released into the intestines after eating a fatty meal
· micelle formation = polar heads go outside,  hydrophob go inside
· bile salts are a detergent
· mix oil and water, let it sit, you can only digest the fat that is at the interface between the water and the oil, BUT if you add a detergent you can digest more as the oil and water mix together
· the rate of triacyl digestion depends on the surface area of the intestine – churning and bile salts
· lipases convert triacylglycerols to mono/di, FFA and glycerol
· they work between the oil and water phase – as the enzyme interacts with the micelle it spreads the catalytic domain allowing the lipi to access the site for cleavage
· bile salts are derivatives of cholesterol, a lipid. They are produced in the liver, injected from gallbladder to intestine when you eat fatty foods. They break the fat into individual micelles
· lipases hydrolyzes lipids
· catalyze hydrolysis at 1 and 3 positions
· free FA are brought to various organs for energy or stored as fat droplets in your adipocytes


1) triacylglycerol is in your diet 
2) to get the FA chain past the cell wall of intestine you have to remove them
3) lipases removes FA chain at 1st and 3rd carbon
4) now we have a monoglyc backbone with 1 FA chain
5) 2 free fatty acids have to be primed to be used in any transfer reaction – add coenzyme A which is energy dependent
6) now to get them through the bilayer…
7) glycerol3phosphate is the backbone, the lipases are activated and both chains are cleaved
8) it is not a carrier molecule for the free fatty acids that are at the cell wall interface
9) they are put on the backbone to get through the membrane into the cell
10)  acyl transferase to the backbone and you get phosphatidic acid at the membrane
11) now each of the fatty acids are added to the backbone to be entered into the cell
12) rearranging it gave new properties
13) it leaves the plasma membrane
14) the diacylglycerol gets a 3rd fatty acid from the diet added onto it ad it is made back into triacyl
15) because they are very hydrophobic they need to be packaged to be transported – CHYLOMICRONS!!!!


Chylomicrons
· surface membrane is a MONOlayer
· triacylglycerols in the intestinal cells are packed into these
· released into the lymphatic system and blood stream


Fatty Acid Oxidation
· oxidation of long chain fatty acids to acetyl COA is needed for ENERGY in the tissues
· heart and liver = 80% of needs
· electrons are removed from fatty acids during oxidation and go through the respiratory chain, driving ATP synthesis
· acetyl coA  co2 for energy conserving
· acetyl coA  ketone bodies in the liver (for brain when no glucose)


Hormones and triacylglycerol and energy
· signal mobilization of stored triacylglycerols
· hydrocarbon acyl chains are highly reduced so make a lot of energy when oxidized
· relatively chemically inert so you can store a lot of them
· insoluble in water
· but now they need to be emulsified
· and need to be packaged to be transported
· neutral lipids are stored as lipid droplets in adipocytes coated with perilipins
· perilipins prevent untimely mobilization
· epinephrine and glucagon by adrenal medulla when blood glucose is low
· bind to G-protein couple receptors
· Gs is activated
· Camp is formed
· Lipase is phosphorylated
· Lipase hydrolyzes the triacylglycerols
· Perilipin A is phosphorylated by PKA also
· Hormone sensitive lipases move to the surface of the droplet
· Hydrolysis begins
· Free fatty acids go into blood stream
· Bind to albumin
· Shuttled to tissues
· At the targets they bind to plasma membrane transporter proteins
· Shuttled into cells
· Oxidized as fuel 


Beta oxidation
· Primed first by acetyl co A
· Fatty acyl coA is formed
· These are thiokinases
· Catalyze the formation of thioester linkage between the fatty acid carboyl group and the thiol group of coenzyme A to make fatty acyl coA
· Need energy to set up our FA to create energy
· Occurs in the mitochondria
· Bilayer is enriched in cardiolipin
· The carnitine shuttle activates the fatty acids to get into the mitochondria membrane
· FA that has been acylated with coenzyme A needs to be brought into the mit, transfer the acyl group onto the carnitine
· Now we are in the outher memrabe and it is shuttled through the carnitine transporter and is brought into the matrix
· The acyl group on the carnitine is removed and transferred to coenzyme A to prime it
· Carnitine goes back and gets another one and starts all over again
· NO ATP IS NEEDED
· Separate pools of coenzyme A in the inner and outer membrane space so none is used up
· The reaction is at complete equilibrium so adding more does nothing!


Mitochondria oxidation of fatty acids
1) fatty acids undergo oxidative removal of two carbon units in the form of acetyl-coa
2) ie palmitic acid which has 16 carbons under goes 7 passes, and the last two (Carbon 15 and 16) remain as acetyl-coA
3) oxidize these to CO2 in citric acid cycle
4) the electrons pass the mitochondrial respiratory chain, giving the energy for ATP synthesis 

Sudden infant death syndrome
· deficient in medial acyl coA 
· fall asleep and don’t have any energy
· imbalance between glucose and fatty acid oxidation


1) formation of trans alpha beta double bonds through dehydrogenation by acyl-coA dehydrogenase
2) hydration of the double bond by enoyl-coA hydratase
3) dehydrogenation by 3-L-hydroxyacyl-coA dehydrogenase 
4) c-c cleavage in a thiolysis reaction



Enzymes

· In order to live our body needs to be able to catalyze chemical reactions well and selectively  enzymes
· Sugar can stay on the shelf for years, but as soon as it gets in our body enzymes catalyze it into fuel in seconds
· Don’t change equilibrium
· More efficient and the reaction rates are faster, happen under mild conditions, more specific reactions, don’t really make side products, you have great  control.
· All enzymes are proteins except for some catalytic RNA molecules
· Catalytic activity depends on the enzymes protein conformation
· Breaking down into amino acids  destroy activity
· Therefore you need primary, secondary and tertiary structures for catalytic activity
· pH extremes, lots of salt, high concentration, temperature extremes denature
· if you add acid to egg whites the hydrogen bonds and hydrophobic interactions are affected, you loose the tertiary structure and the proteins precipitate out and make a white solid.
· Some enzymes need no other chemical groups besides their amino acid residues to work
· Electron pushing  disrupts the tertiary structure
· Reactions are initiated at the unshared electron pair of a nucleophile (O, S, N, C),  the electron rich atom reacts with the electrophile (carbonyl, phosphate, protons)
· Some enzymes require additional players
· Cofactor = small, non protein molecules needed for some enzymes. Usually metals (Fe, Mn, Mg, Zn)
· Coenzymes = complex organic molecules that act as cofactors. Are transient carriers of specific functional groups, most come from vitamins. 
· Apoenzyme is everything but the  cofactor. The prosthetic group binds here. 



· Classified by the reactions they catalyze
· Add “ase” to either the substrate name  or the catalytic activity
· Some however are named after function --- trypsin (to wear down), pepsin (digestion)
· Enzyme commission number is 4 numbers
· First number = class – type of reaction
· 1 = oxioreductase
· 2=transferase
· 3=hydrolases
· 4= lyases
· 5 = isomerases
· 6= ligases
· Second number = subclass – type of bond on which enzyme acts
· Third number = sub-subclass – sub tye of bond or group that is transferred
· Fourth number = arbitrary number of the enzyme in that group



· Need the formation of a complex between the substrate and enzyme ES complex
· Substrate binding occurs at the active site which is a pocket, very specific site
· Substrate is transformed during an enzyme catalyzed reaction
· The binding site is in the active site and is where binding occurs
· Catalytic site is in the active site and transforms the substrate into the product
· Enzymes want to make a environment that makes the reaction faster
· Enzymes affect reactions rates NOT equilibrium


Enzymes do not affect equilibrium
· The energy of the product is less than starting material, so the delta G is negative and favoured
· Transition state  the peak where the decay is equal, energy barrier that must be overcome to proceed
· Activation energy  difference between ground state and transition state
· Catalysts LOWER activation energies
· Anything that catalyzes SP also does reverse
· They accelerate interconversion
· Enzyme is not used up
· Equilibrium is not affected
· Reaction reaches equilibrium must faster because rate of reaction is increased
· rate limiting step = highest energy point in the conversion 
· activation energies are barriers  required for life because without them you would get simple forms
· even if delta G is large and negative it doesn’t mean that it will happen fast even though it is favoured
· the rate of reaction is determined by the substrate concentration and rate constant. 
· For first order reactions the rate depends only on the concentration of the substrate
· Second order reactions depend on concentrations of 2 different substrates
· Relationship between k and delta G is inverse and exponential. Lower delta G means a higher k (Reaction rate)
· Much of the power is derived from the free energy released by forming many weak bonds between the enzyme and substrate
· Weak interactions are optimized in the transition state
· Active sites are complementary to the transition states
· If the enzyme was complementary to the substrate instead it would impede the reaction
· Weak interactions in ES complex
· Full complement of interactions by transition state
· Weak binding between substrate and enzyme = driving force for catalysis



Chymotrypsin
· Acidic contents of stomach pass into the small intestine
· Low pH triggers secretin in the blood
· This stimulates the pancreas to secrete bicarbonate to neutralize
· Proteins digest
· AA in the duodenum stimulate cholecystokinin into blood
· Pancreas stimulates chymotrypsin
· Transition state stabilization
· General acid base catalysis
· Covalent catalysis
· Within the active site there are 3 AA residues that participate in the reaction
· Enhances the rate of peptide bond hydrolysis
· PHASE 1: Acylation phase  Ser and His interact and make a nucleophilic ion on Ser. The ion attacks the peptide carbonyl group. There is a short lived negative charge on the carbonyl oxygen of the substrate. The hydrogen bonding in the oxyanion hole neutralize it.  The tetrahedral intermediate collapses. Double bond is reformed.  And the peptide bond is broken. His proteonate the amino group.  An ester linkage is formed between the peptide carbonyl carbon and enzyme. 
· Serine protease = enzyme that requires acylation transition
· Conformation of the active site dictates which substrate it interacts with and cleaves. The side chain from the AA attacks the substrate.
· Catalytic triad = Ser, Asp, His
· The hydrogen bonds between one of the oxygens on Asp and nitrogens on His and  the oxygen on Ser and the other nitrogen on His, pulls the hydrogen far from the oxygen
· When the substrate binds the hydrogen bond is compressed and makes it really reactive.
Salt bridges further Enzyme Kinetics
· The rates (change overtime) at which a chemical reaction occurs
· K is the rate constant
· The rate of equation is related by k to the concentration of the reagents elevated to the exponent that reflects their contributions to the reaction
· The order of the reaction is defined as the sum of the exponents in the rate equation
· 1st order: Rate = k [A],  k has units of s-1
· 2nd order: Rate = k [A][B], k has units M-1 s-1
· 3rd orders are rare, k has units M-2 s-1
· the exponents m, n, p are determined experimentally not from looking at a balanced equation
· we can measure the change in concentration over time

1) first order reactions
· half life is 0.693/k
· half life is the time it takes for the concentration to get to 50%
· ln [A] vs time is linear
· 1/[A] is exponential


2) second order reactions
· ln [A] vs time is not linear
· 1/[A] is linear
· half life depends on k and initial concentration



· activation energy, the time to get to the transition state
· the higher the Ea the slower the reaction
· endothermic = need energy
· exothermic = release energy



Catalysis
· lower the activation energy
· increase the rate of reaction
· energy of products or reactants does not change
· does not appear in the product
· invertase results in a mixture of glucose and fructose which is often called inverted sugar syrup. It cleaves the O-C fructose bond
· sucrases cleaves the O-C glucose bond, cleave different positions.

Michaelis and Menten
· the enzyme first combines reversibly with its susbtrate to form an enzyme-substrate complex in relatively fast reversible step
· [bookmark: _GoBack]E + S  ES
· The ES complex then breaks down in a slower second step to yield free enzyme and the reaction product P
· The overall rate is proportional to the concentration of the species that reacts in the second step

· the intermediate state as it is needed for its formation and breakdown
· The whole point is to hydrolyze a peptide bond
· SECOND PHASE: deacylation hydrolyzes the ester linkage and non-acylated enzyme is regenerated. Collapse of the tetrahedral intermediate causes the second product. Water molecule is deprotonated, and a hydroxide ion is formed. It attacks the ester linkage. Product diffuses from the active site and the enzyme is restored.
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