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Biochemistry 4051 Lecture 3:
· Subcellular organelles
· More to the cell than just the 13 organelles on slide 5
· Looking at things from a chemical biologist view point
· Localization signal – protein targeted for the ER or cell surface get there
· Eukaryotic cells
· Two types: animals and plant cells
· Difference is the vacuole in the plant cell, store water and waste
· ER
· <10% of the cell volume
· Rough ER
· Surface is studded with ribosomes
· Bind to mRNA, synthesize protein that exists in cytosol
· If it binds to mRNA that has ER seq., it gives the ER the rough look
· Only attached to ER by protein, can be released
· Inside the ER
· Proteins that are nascent/folding have disulfide isomerase
· ERp29 is a chaperone protein
· Hsp70 is a heat shock protein
· KDEL: is a retention signal, and tells the ER that this protein needs to stay
· Smooth ER
· Present in liver cells that have a role with lipids, and present in muscle tissues because of the Ca2+
· Getting into the ER
· Uses the import signal: MMSFVSLLLVGILPWA…
· Very hydrophobic at the end terminus
· Retention signal KDEL is at the C terminus
· When we want to generate cells with unnatural activities we can manipulate this
· Glycosylation in the ER
· Can decorate proteins or cut it down
· Slide 15
· Need to know this
· Unfolded protein response
· You have ER chaperones in the ER that monitor the protein unfolding
· Causes the receptor kinases to phosphorylate themselves
· They remove the intron and glue the exons to get the mRNA ready
· It has a KDEL motif at the c-terminus to tell it to stay in the ER
· This is the heat shock motif
· Can develop drugs to inhibit the chaperone proteins
· Cancer works at a high temperature and does not fold it properly
· We can inhibit the folding, which stops their activity  apotosis of the cancer cells
· Protein degradation 
· 80% of proteins do not fold properly
· If the chaperone protein cannot help it, it is transferred to the cytosol, where it is degraded by transferring Uq onto the protein through ligation 
· It will degrade the protein after enough Uq is added
· Slide 18
· Can inhibit proteasome
· Bind to the proteasome and inhibit its function
· Can lead to a build up of Uq in the cell
· Leads to apotosis
· Review at 19-20 minutes
· Cells unfold, need to be degraded, therefore needs balance
· Cellular transportation of large molecules
· The golgi is another important organelle
· It is the fedex distribution center
· Receives vesicles from ER, before determining where it goes
· It sends them to the corresponding areas
· Mitochondrion
· Source of a lot of human disease
· These phosphonium ions target mitochondrion cells
· Three Ph attached to C with side chain R
· Site of E production
· Outer membrane has a large sieve (allows a lot of things to enter)
· Short oligionucleotides, peptides etc.
· The inner membrane
· More impermeable
· Uses the citric acid cycle as a source of E
· It is bombarded with oxidative stress
· Glycolysis is non oxidative, yielding min energy
· Mitochondrial citric acid cycle yields more E
· Mitochondrial genome
· Circular
· Synthesizes its own ribosomes
· Importantly the DNA is not packaged with proteins, it is circular as well
· Almost all of the genome is used to make stuff, if there is a an error, no good
· Slide 24
· Each cell has 100 mitochondria
· Important to have redundancy because of oxidation
· UGA=Trp (NOT STOP)
· AGA = STOP (not Arg)
· Symbiotic relationship with bacteria is believed to have lead to the development of the mitochondria
· Mitochondria is inherited maternally
· During embryogenesis the sperm mitochondria is lost
· Lysosomes – 35 min
· On cell surface there is something that needs to be degraded and recycled
· Pinches it off and makes an endosome, the golgi detects that there is something that needs to be degraded, the 
· Review this at 35-37
· A lot of drugs that are used are quite large, that protein or peptide will stick to the cell surface, therefore cannot permeate into the cell surface
· If it is over 5000, cannot enter
· Therefore it incorporates through an endosome
· Then the lysosome will fuse with it if the drug does not exit before it is engulfed
· Needs to escape after entering the cell
· Loss of lysosome function leads to disease
· Tay-sachs disease, autosomal recessive
· Leads to death before 1 due to central nervous system breakdown
· Cannot leads to a build up gangliosides, which are degraded in the lysosome
· There are enzymes in the lysosome that degrade it
· In tay-sachs disease they are missing HEXA
· When it fuses to the endosome it cannot break down the toxic molecules
· Peroxisome
· Lesser acknowledged organelle
· Very oxidative, which is used to catalyze reactions
· Ethanol to formaldehyde, to acidic acid
· Import signal is a c-terminal tag that tells the golgi to put the peroxisome
· Loss of function – Zellweger syndrome
· Binds to stuff to bring it into the peroxisome to be degraded, if the protein is not found on its surface, it will not enter to be degraded
· Die on CNS
· Vacuoles
· More prominent in plants used to store water for rigidity
· Dumps pesticides to be broken down
· Mammalian cells have small vacuoles
· Nucleus
· Site of genetic storage and cell division 
· No oxidative stress is found, therefore the membrane is protective
· Because it is selective, it has importance in the export and import
· NLS: PPKKKRKV
· A lot of lysine, that occur on the protein surface
· Very charged molecules can bind to enter nucleus 
· Eukaryotic cells
· Review at 48 min to 54 min
· Mitosis
· If mitotic spindles are degraded, cannot pull apart DNA, apotosis
· Cell membrane
· Selectively permeable
· 500 atomic units, small molecule drugs are around 500 or less
· The smaller it is, the easier it gets in
· There are receptors on the cell surface that bind to things that want to enter
· How can we discover molecules that are big, and have stuff attached to it that enable it to enter the cells
· We can attach things to it to allow it, aka cell penetrating peptides
· Penetratin
· Tat peptide
· VP22 peptide
· Polyarginine
· All have a lot of Rs and Ks
· Therefore very positively charged
· How does this enable access to the cell?
· On the cell surface, it is decorated with carbohydrates. It is mosaic and embedded with many carbohydrate chains that are anchored to membrane proteins. These carbohydrates are decorated with sulphates that are negatively charged  cell surface is negatively charged
· The protein and peptide is positively charged, it will stick to the negative cell surface, if it stays long enough, it will be endocytosed
· It will recycle it by entering the endosome, and then fuse to the lysosome if it does not escape fast enough
· Endosomal escape
· Endosome will rupture if water is pumped in at a high amount before entering the lysosome to allow the peptide to escape
· Passive endosomal escape  endosomes accidentally rupture, if the drug is very potent it is good
· Beta, the nitrogen is attached to the beta carbon
· If the proteases bind to the beta peptide, it will survive
· In cancer cells, the area around the cancer cells (surface), have matrix metallic proteases, which couches this cancer tumour  dense matrix with proteases that degrade proteins and peptides
· If you attach Tat peptide, and into the cancers environment, once it enters the matrix, the proteases will degrade the Tat, therefore cannot bind to the cell surface
· Alternatively you can use beta-peptide that are positively charged, it can bind to the cancer cell surface, where it can enter apoptosis
· Also help localize it into the nucleus, because it is positively charged like the nucleus cell surface
· Most genetic human disease is caused by one protein error in an organelle, which we can then target 
· Post-translational modifications
· There are protein modifications that happen after synthesis 
· If I add acetylate, you can change the charge of the protein
· [bookmark: _GoBack]Review at 1:13
