Cell history
	Formation of polymers

Formation of biological molecules

Development of modern cell

Cell theory




Prokaryote to Eukaryote: endosymbiont theory
 theory concept







 proof
	





- all life is made of cells
- all cells come from other cells
- the cell is the basic structural unit of all living systems



- anaerobic cell ingested an anaerobic prokaryote
- aerobic prokaryote provides the anaerobic eukaryote with energy (ATP), the eukaroyote provides the prokaryote with nutrients
- symbiosis – two organisms living in harmony because they benefit from the other

- morphology: mitochondria resembles proteobacteria and chloroplasts resemble cyanobacteria
- genomes
- mechanism of replication
- transcription/translation
- electron transport
- sequence


	
	



Cell components
	Extracellular matrix
functions (DAMIE)



 glycoproteins
- proteoglycans



- fibronectins





- collagen
	
- division, attachment, motility, immunity, embryonic development
- affects what type of tissue is formed

- main component
- affect matrix consistency
- are glycoproteins with small ions attached to them

- organize matrix
- inner and outer cell communication
- integrins – adhesion molecule; transmembrane proteins that anchor that cytoskeleton in the extracellular matrix

- strong elastic fibres

	Cell membrane




 Function (BOTSC)


 glycocalyx



 phospholipids
- function



- main structure



- saturated versus unsaturated



- PE/PC





- Phosphatidylserine (-)




- Sphingomyelin



 proteins
- function (TEArS)


- peripheral



- integral




- lipid anchored


 fats



- Steroids/sterols







- fatty acids



Term: homoviscous adaptation

	- membrane asymmetry
- external: glycolipids, carbohydrates, receptors
- internal: mostly proteins

- boundaries, organisation, transport, signal reception, communication

- sugar/carbohydrate membrane
- for cell to cell recognition


- membrane fluidity
- no transverse diffusion
- lateral diffusion occurs


- amphipathic
- phosphate head, fatty acid tail (hydrophilic/hydrophobic)

- desaturases
- saturated = compact membrane
- unsaturated = looser membrane

 PE = phosphatidylethanol
- increases membrane fluidity

 PC = phosphtidylcholine
- decreases membrane fluidity

- Only found on inner layer
- Helps maintain membrane asymmetry
- undergoes transverse diffusion when cell is in trouble (-ve charge helps indicate this)

- sphinginse backbone instead of glycerol backbone



- transport, enzymatic activity, attachment/recognition, signal transduction

- usually on the inside
- non-covalently bonded
- lay down microfilament network

- often span membrane more than once  single pass, double pass, multi pass
- domains: polar and nonpolar  interactions with the phospholipid bilayer

- extracellular for cell adhesion
- intracellular for growth and division

- energy storage
- triglycerides are common in the cell  three fatty acids attached to a glycerol

- eg. Cholesterol
- can thicken membrane in hot temps
- can loosen membrane in cold temps by not allowing phospholipids to congregate
- formed form isoprenes
- mostly non-polar with –OH that gives slight polarity

- C-C bonds but with –COOH at the end
- longer chains = less soluble
- monosaturated vs poly saturated

- ability of cell to change lipid bilayer to adjust to environment

	Cytoskeleton
 function (SMS)

 composition
- microtubules









* in flagella/cilia



- intermediate filaments







- microfilaments



- mitotic spindle
*MTOC


* mitosis
	
- shape, movement, support


- anchoring, division, and transport within cell
- made of tubulin dimers in hollow cylindrical shape
- polarity of subunits: alpha = minus, beta = plus
- arranged to give entire microtubule polarity
- subunits attached together by GTP
- each tubulin also attached by GTP
- molecular motors: dynein (-) and kinesin (+)

- 9+2 organization
- dynein uses two microtubules
- 1 to anchor against, the other to talk along

- support microtubules
- protect nucleus
- anchor junctions (desmosomes, adherins)
- made of keratin 
- stable
- multicellular organisms only

- actin twisted into helix shape
- molecular motor: myosin
- cytoplasmic streaming
- cytoplasmic splitting in mitosis

- centrosome
- made of two perpendicular centrioles
- main function of centrioles: flagella and cilia

- duplication of centrosomes
- growth of mitotic spindle
- asters
- kinetochore
- nonkinetochore
- chromosomal movement

	Organelles

 cell wall



 cytoplasm



 Nucleus



- nucleolus

 Mitochondria






 chloroplast 





 lysosomes








 peroxisomes

 vesicles

- central vacuole



 endoplasmic reticulum
- rough
- smooth

 golgi complex




 ribosomes
	

- protects the cell
- has plasmodesmata for cell to cell communication

- cytosol
- plasmolemma 
- holds the orangelles

- double-membrane nuclear envelope
- nuclear pores
- holds DNA

- RNA and protein synthesis (ribosomes)

- inner and outer membrane
- matrix
- cristae
- cellular respiration  ATP from glucose
- independent DNA
- reproduce by binary fission

- photosynthesis  light to fructose
- plants only
- thylakoids in stacks called grana
- lumen instead of matrix
- similar to mitochondria

- contain enzymes hydrolase and cathepsin
- for digestion
- synthesized in rough ER and bound by Golgi
- heterophagy – digestion of ingested substances
- autophagy – digestion of cell parts (ie. Mitophagy)

- break down fatty acids

- transport of molecules

- plant cells only
- helps keep shape using osmotic pressure
- tonoplast = membrane

- continuous with nuclear envelope
- protein synthesis
- lipid synthesis and detoxification

- finish the job of ER
- post-translational modifications
- cis (near nucleus)/trans surfaces (near membrane)

- not a true organelle
- protein synthesis



Cell activities
	Communication/Adhesion

Junctions
 anchoring junctions

- adhering junctions

- desmosomes


 tight junctions


 gap junctions




Transport in and out of the cell
 passive transport

- simple diffusion



- facilitated diffusion


*channel proteins




*carrier proteins



 active transport




- primary




- secondary



*symport



* antiport 




 Wastes and nutrients
- exocytosis



- endocytosis

* pinocytosis


* receptor-mediated endocytosis





* phagocytosis
	


- hold cells together that are under a lot of stress
- anchored to cytoplasm via microfilaments

- anchored to cytoplasm via intermediate filaments

- prevent leakage between cells
- formed by fusion of two protein membranes

- channels for molecule exchange between cells
- similar to plasmodesmata
- no inter-tissue connections


- requires no energy

- movement of non-polar molecules directly across the membrane
- some small ions may be able to get through

- movement of polar molecules across and channel or using a protein

- uses a hydrophilic channel
- aquaporins – for water
- gated channels – for ions  work depending on chemical gradients

- uniport transport
- conformational changes
- specific

- uses energy to move molecules against their concentration gradient
- maintenance of cell conditions regardless concentrations

- uses ATP directly to move a substance in the opposite direction of its concentration gradient
Eg. P-pump, F-pump, V-pump

- uses the gradient created in primary to move substances against their concentration gradient

- ion moves with its concentration gradient allowing another ion to move with it against its concentration gradient

- ion moves with its concentration gradient allowing another ion to move in opposite direction against its concentration gradient



- getting rid of substances
- vesicles move to cell membrane, fuse, release contents outside

- substance intake

- “cell drinking”
- absorption of water with small solutes

- receptor proteins  integral proteins bind with molecules
- coated pit
- clathrin
- vesicle digestion by lysosomes

- “cell eating”
- cytoplasm shape changes to engulf substances



Biochemistry – the macromolecules
	Lipids
 fatty acids



 triglycerides





 glycolipids



 steroids
	
- come in long chains
- longer chain = unsaturated
- shorter chain = saturated

- adipocytes – special cells in the liver that store triglycerides
- energy reserves
- thermal regulation and protection against pressure

- contain glycerol or sphingosine backbones
- cellular recognition in the extracellular matrix

- in membranes for fluidity
- cell signaling
- 4-ringed structure with carbon tail

	Proteins
 classes

 structure
- primary

- secondary




- tertiary


- quarternary


 functions
	- 20 amino acids in total
- polar, nonpolar, electrically charged


- the amino acid chain with no modifications

- peptide chain is folded either into alpha helices or beta pleated sheets
- occurs through intramolecular bonding; h-bonds, SH bonds, etc.

- when two or more peptide chains add together to form a full protein

- when a bunch of tertiary proteins (subunits) add together 

- hormones
- receptors
- contraction/movement of the cell
- structural
- defensive (antibodies)
- enzymes
- storage
- transport within the cell

	Carbohydrates
 functions



 glucose
	
- sources of energy (glycogen and starch)
- used for structure (cellulose and chitin)
- cell to cell recognition (anitgens)

- alpha (DUDD) and beta (DUDU)

	Nucleic acids
	



Comparing!
Cilia vs Flagella
	Cilia
	Both
	Flagella

	- many
- metachronal wave
	- 9+2 organisation
- arise from basal body
	- one or two
- spinning or lateral wave movement





Eukaryote vs Prokaryote
	Eukaryote
	Prokaryote

	- nuclear envelope
- specialization of organelles

- large
- can be multicellular
- linear genome
	- DNA in a long strand bundled in the centre
- cytoplasm and membrane do a lot of the work
- small
- single-celled
- circular genome



Midterm 1




	Name
	Description

	Mitochondria
 Functions


Mechanisms for studying mitochondria
- centrifugation
- subcellular fractionation
- differential centrifugation
- density gradient centrifugation
- equilibrium density centrifugation

Metabolic functions?

 Cellular respiration overview
1. Glycolysis




2. Pyruvate oxidation

3. Kreb’s/Citric Acid Cycle



4. ETC
- F0-F1 ATPase






- chemiosmosis


- proton motor force



	
- stress, cellular respiration, cell death, calcium storage











- 2 NADH produce
- 2 H+ produced
- 2 ATP produced
- 2 pyruvate produced

- pyruvate  acetyl-CoA, NADH, H+

- 3 NADH produced
- 3 H+ produced
- 1 FADH2 produced


- makes 32-34 ATP  phosphorylation of ADP
- rotor
- made of subunits (quaternary structure)
- facilitated transport

- building up the concentration of H on the outside of the matrix in the mitochondria

- dictates the “force” at which ATP is created
- drives the F1 rotor
- depends on the concentration of H outside the matrix

	Calcium
 functions





 impact in cellular respiration
- pyruvate dehydrogenase



- isocitrate dehydrogenase


- alpha-ketoglutarate


 regulation
- transport





- storage/reducing toxicity
	
- muscle contraction
- apoptosis
- response to stimuli (vesicles)
- enzymatic cofactor
- metabolism


- activated by phosphatase that’s dependent on calcium
- found in pyruvate oxidation

- depends on calcium
- found in Krebs

- depends on calcium
- found in Krebs


- calcium flows into the cell due to the concentration gradient
- calcium-sodium transporter takes calcium out of cell  antiport
- voltage-gated channels bring calcium in 

- stored in mitochondria/ER
- can bind with proteins so it’s not in free ion form anymore

	Mitophagy


 Stages
- PINK

- Parkin




- Lysosome

- healthy portion
	- changing the number of mitochondria to meet metabolic needs


- recruits Parkin

- Parkin attaches to the outside of the mitochondria
- recruits ubiquitin


- recognizes the mitochondria and digests it

- fuses with another mitochondria



Cell death
	Name
	Description

	Why do cells die?



Triggers of cell death
- chemical messengers
- stress
- cell cycle
	- regulation of cell number
- damage
- disease to other cells


- growth factors (lack of)



	Necrosis



 calpain-cathepsin pathway
- intake of ions

- calpain




- cathepsin


- cell lysis

- surrounding cells
	- quick cell death
- response to damage
- cell swells and then undergoes lysis


- influx of ions entering the cell

- ions that have entered the cell activate calpain
- calpain breaks down the lysosome’s membranes

- cathepsin is in the lysosomes
- gets released, starts breaking down the cell

- cell undergoes lysis and dies

- surrounding cells may be damaged
- must clean up the mess

	Apoptosis



 the intrinsic system: stages






Term: caspases: two types
- initiator

- executioner



Start: Trigger
- BAD


- Bak/Bax



- Bcl2






- mitochondria


*pore



*cytochrome c



- apoptosome


 cell response to caspases
- release from other cells

- shrinkage of cytoplasm

- DNA laddering

- blebbing
- apoptotic bodies

- membrane asymmetry
- scramblase



	- timed cell death
- slow
- doesn’t affect surrounding cells

- intrinsic system can be compared to a tug of war between pro-apoptic proteins and anti-apoptic proteins
- during regular cell life, pro-apoptotic proteins are kept in check
- triggered by intrinsic stressor


- first to be activated

- get activated by initiator caspase
- lead to the physical changes in the cell as listed above

- no more growth factors
- is dephosphorylated
- pro-apoptotic

- recruited by BAD
- pro-apoptotic
- get Bcl2 out of the way

- stops working
- anti-apoptotic
- normal function is to prevent ER from releasing calcium
- calcium starts to flow out of the ER (IP3 channel works)

- starts to absorb the calcium that the ER is releasing

- pores open when mitochondria gets too full
- not too many pores; mitochondria must remain functional

- is released from the pore
- binds caspase 9 (initiator) and apaf-1  apoptosone

- activates all other initiator and executioner caspases


- releasing gap junctions and tight junctions

- cytoskeleton retracts, chromatin condenses

- DNA gets chopped up

- cell turns into “vesicles” called apoptotic bodies

- the cell membrane is turned inside out so that phosphatidylserine is on the outside
- this is done by a flipase enzyme called scramblase
- other cells recognize the negative charge and digest the apoptotic bodies




Signal Transduction
	Name
	Description

	Reasons for signal transduction


Pathway types
- autocrine

- paracrine



- endocrine



Chemical messengers (GASPEP)
- steroids





*mineralcorticoids

*cortisol







* testosterone/estrogen

- lipids  eicosanoids




*arachidonic acid




- protein





- amines


* thyroid hormones




- purines





- gases





 Classes of receptors
1. Transmembrane receptors
- ligand-gated ion channel


*electrochemical gradient




*voltage-gated ion channel


- receptor enzyme




- G-protein coupled receptor




 membrane accommodations



- lipid rafts
*sphingolipids
*cholesterol


2. Intracellular receptors




- response elements


	- growth
- homeostasis


- messenger sent to the same cell

- messenger sent from one cell to another
- fairly local
- no need for blood stream entry

- messenger sent from one cell to another
- long distances
- uses blood stream


- lipophilic
- interact with receptors inside the cell
- act as transcription factors  bind to the promoter
- 4-ring structure

- play on minerals and water content

- stress
- binds to an intracellular receptor: glucocorticoid
- glucocorticoid is held down by chaperone proteins
- once bound, the unit acts as a transcription factor

- sex hormones

- uses the paracrine pathway
- phospholipid derivative
- phospholipase A cuts off the phospholipid part to create arachidonic acid

- type of eicosanoid
- two pathways:
prostaglandins = pain; leukotrienes = inflammation

- hydrophilic – can’t get across membrane easily
- indirect pathways
- packaged in secretory vesicles
- secreted by exocytosis

- hydrophilic
- kept in vesicles

- exception to the amine group
- acts like a steroid
- hydrophobic, can get across membrane
- acts as transcription factor

- have adenine/guanine (pyrimidines have thymine/cytosine)
- 2-ring structure
- need a transporter/exocytosis
- paracrine or neuronal paths

- small molecules
- diffuse according to concentration/pressure gradient
- short half-life
- can go through most pathways



- ligand binds, causes conformational change
- channel opens
- ions travel through
- electrochemical gradient changes as ion concentration on either side of the membrane changes
- can be used to do work in the cell

- depends on membrane potential (V)
- also for ion movement

- ligand binds
- conformational change occurs on the intracellular side of the enzyme
- enzyme catalyzes reactions

- ligand binds
- G-protein is near the membrane, is recruited by the ligand bound to the transmembrane protein

- membrane must thicken in areas where the domains of the transmembrane proteins are large

- microdomains that help stabilize the membrane
- appear where the phospholipids are longer
- include sphingolipids and cholesterol

- bind inside the cell
- are lipophilic so can pass through the cell or nuclear membrane
- act as transcription factors

- where the intracellular messenger binds
- in the regulator region on the DNA
- turn transcription on/off

	Specific receptor examples
1. Acetylcholine (ligand-gated channel)


 leading up to the channel
- in the axon







 Ach ligand-gated channels
- receptor


- when Ach binds






 muscle contraction





 termination of muscle contraction 
- acetylcholine asterase
- AcetylCoa


2. Tyrosine kinase (receptor enzyme)

- dimerization

	
- autophosphorylation 


- adapter proteins


- effector

- second messenger

[bookmark: _GoBack]



3. cAMP (G-coupled protein receptor)
 turning on PKA
- alpha subunit




- adenylate cyclase

- cAMP




- PKA


 turning off PKA
- reducing cAMP



- inhibiting PKA




4. PIP/IP3 pathway (G-coupled protein)

- phospholipase C


- PIP

- IP3



- DAG
*phospholipase A2


*PKC
	
- neurotransmitter
- for muscle contraction 


- at end of action potential, Ca flows in
- proteins in axon boutons are sensitive to calcium
- vesicles move to end of terminal via microtubules/microfilaments
- Ach is released into synaptic cleft
- paracrine transport to the sarcomere


- made of subunits
- emphasis: 2 alpha

- alpha subunit undergoes conformational change
- channel opens,
Na and K in, Ca out
- changes electrochemical gradient, can lead to action potential

- tropomyosin is bound to the actin
- Na and K bind to it, causing it to release actin
- myosin can now bind and muscle can contract


- cuts across Ach, releasing choline portion
- repackages and reforms Ach into the vesicles

- ligand (growth factor) binds tyrosine kinase

- affinity of tyrosine kinase increases, binds to another tyrosine kinase bound to a ligand

- once dimerized, the tyrosine kinase undergoes autophosphorylation

-GRB2 is bound to tyrosine kinase using an SH2 domain
- GRB2 is bound and activated, binds to Sos
- Sos binds to Ras using its SH3 domain

- Ras releases GDP and bind GTP
- causes Ras to release Sos
- is now activated 
- Ras activates MAPK which activates AP-1, a transcription factor



- ligand binds receptor
- alpha subunit of the receptor unbinds GDP, bind GTP
- moves and activates adenylate cyclase

- converts ATP to cAMP

- cAMP activates protein kinase A
- binds to PKAs regulatory unit 
- need to PKAs because there are 2 regulatory unit

- phosphorylates proteins
- activates transcription factor CrebB


- stop producing cAMP
- decreased concentration in cell
- bound cAMP unbinds from PKA

- another ligand can bind to another receptor that releases and inhibitory subunit
- subunit binds to inhibitory region of PKA, turning it off

- ligand binds
- alpha subunit detaches
- binds to phospholipase C
- phospholipase C interacts with PIP as the adapter protein
- PIP is cleaved into IP3 and DAG

- IP3 unbinds PIP by trading GDP for GTP
- IP3 causes calcium to be released from ER by binding to an ion-gated channel

- DAG is part of the membrane, activates phospholipase A2
- phospholipase A2 creates arachidonic acids  eicosanoids 
- DAG and calcium bind to PKC
- PKC phosphorylates protein targets, but can’t act as a transcription factor

	 Coordination of response: antagonism





- insulin vs glucagon


 ways to end a response
- removal of ligand



- removal of receptor







- inactivating the receptor

- inactivate ligand
- inactivate signal transduction pathway
	- we don’t want contradictory instructions to occur
- sometimes when one ligand is produce, it will also bind the the receptor for the opposite ligand to inhibit the opposing ligand’s work

- insulin: causes cells to absorbs glucose
- glucagon: releases glucose to be digested


- ligand can follow concentration gradient in surrounding area and unbind if conc. grad. Is low

- receptor is removed from cell membrane
- can be degraded by enzymes or put back into the membrane once ligand has been removed

- inhibitory ligand binds




Transcription
	Name
	Description

	How things are read
- DNA
- mRNA
	
- 3’ to 5’
- created and read 5’ to 3’

	Prokaryotes
 initiation
- sigma factor




 termination
- Rho dependant
- Rho independant
	

- made of subunits
- binds the promoter region
- transcription occurs, and sigma factor can unbind


- Rho enzyme causes termination
- mRNA creates a hairpin loop causing tension and mRNA breaks off

	Eukaryotes
Initiation
- promoter region
*TATA box


* activator
* repressor

* RNA polymerase II




 Elongation


 Termination



- 5’ Cap


- polyA tail



- pre-mRNA formed

 mRNA maturation
- splicing
* snRNPs
* spliceosomes 




- alternative splicing

*isoforms

 polycistronic mRNA
	

- has TATA box
- where TATA binding protein binds
- recruits activators/repressors

- determine rate of transcription


- now the transcription initiation complex has been formed
- binds to promoter region, transcription can begin

- transcription is undergoing
- 5’-3’ direction

- occurs when stop sequence is reached AAUUAAA
- detachment of RNA polymerase II

- 5’ end
- prevents degradation 

- 3’ end
- prevents degradation
- directs the mRNA out of the nucleus when it’s matured




- part of the spliceosomes
- recognize the beginning and end of introns
- splice introns from the exons
- made of proteins and RNA
- put exons back together

- splicing that cuts out some exons along with the introns
- creates different isoforms

- can code for more than one protein



Regulation of gene expression
	Name
	Description

	Prokaryotes: operons

- operon




- operator


*repressor/activator



 the Lac operon
- operon

- repressor
	

- 3 genes that code for similar functioning proteins
- can be turned on or off depending on demand

- activation/repression of the operator determines whether or not the operon will be transcribed
- repress/activate the operator when bound to it
- produced by a regulatory protein


- x, y, z genes code for lactose digestion

- is bound to the operator
- will unbind the operator when allolactose binds to it
- can sometimes unbind the operator when lactose isn’t present  allows for some genes to be transcribed to digest lactose as soon as it gets into the prokaryote

	Eukaryotes
 enhancers


- activators


- repressors


 miRISC
- creation
* pre-miRNA
*dicer
*protein complex


- application
* imperfect base pairing



*perfect base pairing

 siRNA
	
- come before the promoting region
- contain regulatory sequences

- bind at the enhancer
- activate the transcription of that gene

- bind at the enhancer
- deactivate the transcription of that gene



- doubled stranded with the hair-pin loop
- cuts off hairpin loop
- degrades ½ of the double stranded miRNA
miRISC created


- pause of the mRNA being created before translation occurs
- may go to degradation

- mRNA goes straight to degradation

- is a small part of mRNA that gets slightly degraded
- floats around the cytoplasm and does the same thing as miRNA

	Transposons
Eg. Bacteria and new strains




Retrotransposons

Retroviruses
- reverse transcriptase



- integrase
	- jumping genes
- get cut out of DNA and moved to another part
- can bring other parts of genes with them
- increased genetic diversity

- need to be reversed back into DNA


- changes virus RNA into virus DNA (single stranded) 
- host turns that single strand into a double strand that resembles a transposon
- integrates that “transposon” into the host DNA
- now the proteins needed to create a virus can be coded



Translation and protein sorting
	Name
	Description

	 mRNA
- codons
- start codons
- stop codons

 oscillation/Wobble effect






 exons



 tRNA


- anticodon
	
- made of 3 nucleotides, code for one protein
- AUG
- UAA, UAG, UGA

- more than one codon codes for a single amino acid
- allow for errors to be made without detrimental effects
- for the same amino acid, the first two letters are always the same; third letter varies

- correspond to different domains on the protein being coded
- different domain=different function

- matches to the mRNA to create the right amino acid
- amino acid attaches at 3’ end
- 3 nucleotides complementary to the mRNA codon on the tRNA 

	Aminoacylation

- aminoacyl transferase




- aminoacyl-AMP complex






	

- an enzyme
- binding sites for ATP, an amino acid, and tRNA
- binds ATP and amino acid

- ATP is dephosphorylated twice  AMP

- aminonacyl transferase then binds to a tRNA
- uses the energy from dephosphorylating ATP to bind amino acid onto 3’ end of tRNA
- tRNA is released with an amino acid, ready for translation

	Ribosomes
 structure



- A site
- P site

- E site

	
- 2 subunits
- top is always larger by 2x
- EPA binding sites

- where tRNA with amino acids attached enter
- where the amino acid chain is synthesized and elongated
- where the now empty tRNA leaves the ribosome

	Translation 
 initiation
- Met


 elongation
- peptidyl transferase



- translocation




- elongation factors



 termination

- release factor

- partial translocation
	
- ribosome binds to the mRNA 5’ cap
- goes into the P site
- A site is empty; next amino acid enters here


- as more amino acids enter, they are bound together by peptidyl transferase
- between the A and P site

- the movement of tRNAs into the next binding site
- occurs because the ribosomal subunits loosen a bit

- accompany the tRNA
- get rid of the tRNA if an incorrect match occurs

- stop codon reaches the P site

- binds the A site

- partial translocation occurs
- tRNA is released

- entire complex breaks down and can be reused again

	Polysomes/polyribosomes


In prokaryotes
	- mRNA that can be translated by more then one ribosome at the same time

- transcription and translation can occur at the same time
- because there’s not nuclear envelope 

	Co-translation 


 process
- signal sequence


- signal recognition particle





- translocation complex



- signal peptidase



 for proteins that need to be embedded in the cell membrane
- stop coding region






- chaperones




- ER to golgi

*cisternae


- golgi to membrane



 possible modifications that can be made
- glycosylation 
- acetylation 
- complete disulfide bond
- lipidation 
- ubiquitination 
	- translation of proteins that will be modified in the ER and Golgi apparatus


- signals that this protein is supposed to be brought to the ER

- looks for the signal sequence and binds to it
- translation halts
- brings the entire complex (ribosome, amino acid, tRNA) to the ER

- part of the ER
- binds the signal recognition particle
- has a pore for the protein to grow through

- cleaves the protein off the translocation complex
- protein is now in the ER lumen



- at the translocation complex, stop coding region makes it so the protein stop going into the lumen of the ER
- instead elongates outward
- which finished, translocation complex opens up and releases protein into ER membrane

- surround protein for protection
- isolated space for proper folding
- evaluate if the correct protein was synthesized

- protein gets wrap in vesicles
- travel to cis face of golgi
- travel through cisternae of golgi
- each cisternae adds a different modification

- vesicles bud off golgi and go to membrane
- protein embedded in membrane, extra fluid exocytosed


- add sugars
- add acetyl group

- add lipids
- add ubiquitin  degradation signal

	Translation of cytosolic proteins
	- are translated by cytosolic ribosomes
- no post-translational modifications needed

	Mutations
Silent mutation

Missense mutation

Nonsense mutation

Deletion
Insertion
	
- change in nucleotide, no change in amino acid
- change in nucleotide, change in amino acid

- change in nucleotide, leads to a stop codon so the protein isn’t finished

- missing nucleotide  frameshift
- additional nucleotide  frameshift



Midterm 2

DNA
	Name
	Description

	DNA history

Organisation of the DNA molecule
 3 components of a nucleotide



Attachments/orientation





 Organisation of the DNA strand
- nucleosome


- linkers

- solenoid
	


- deoxyribose sugar
- phosphate group
- nitrogenous base

- C1 is attached to the nitrogenous bases
- C3 is attached to the hydroxyl group (nucleotide below)
- C5 is attached to the phosphate (nucleotide above)


- DNA wraps around protein histone
- forms a nucleosome

- the space between two nucleosomes

- nucleosomes coil together to form a solenoid

	DNA replication
 Meselson-Stahl experiment











- alternative theories (that have been proven wrong!)



 DNA replication in prokaryotes



 DNA replication in eukaryotes
- helicase

- topoisomerase/gyrase


- SSBP

- RNA primase


- DNA polymerase III







- DNA ligase

 proofreading
- DNA polymerase III




- endonucleases
	
- original Ecoli had N15 in their nitrogenous bases
- were then placed into a solution with N15 only
- Ecoli underwent replication
- result from centrifugation in CsCl: one group of DNA all N15 and one group of DNA half N125, half N14
- underwent second replication
- result: group of DNA with N15, N15/N14, and N14

- conservative – parent strands end back up together, and new strands end up together
- dispersive – random nucleotides from both 
parent and daughter strands in one

- circular DNA
- one point of origin
- second circle is created


- unwinds/unbinds the double helix

- creates nicks in the double helix to prevent tension

- prevents the two strand from rebinding

- starts the daughter strand by adding RNA primer to the 3’ end

- attaches to RNA primer and travels 3’-5’ to synthesize complementary strand
- Okazaki fragments are created on the lagging strand
- is accompanied by the sliding clamp – stabilizes the DNA polymerase and makes sure it’s doing its job

- attaches Okazaki fragments


- can recognize when it attaches in mismatched pairing
- goes backwards and uses its nuclease to undo and redo the pairing then moves on

- are repair enzymes
- move along DNA strand looking for mistakes
- remove a huge chunk of the DNA
- DNA polymerase III can redo that section
- ligase fixes the nicks

	Telomeres
 function







 3’ overhang




 characteristics




Hayflick effect
	
- DNA polymerase III can’t code right to the end of the DNA sequence on the lagging strand
- telomeres are an extension so DNA polymerase III can keep moving
- they are non-coding
- created by enzyme telomerase

- still exists—it’s just that it’s now a telomere overhang instead of a coding overhang
- proteins bind to this overhang to prevent it from binding to other overhangs

- shorten over time in somatic cells
- can be regenerated in germ cells 
-not needed in prokaryotes because they have circular DNA

- telomeres shorten over time; determine the lifespan of the cell ie. How many times is can divide before cell death occurs



	Name
	Description

	Cell cycle
 interphase
- G1


- S

- G2




- G0




 M phase
- prophase
- prometaphase
- metaphase
- anaphase
- telophase

 Checkpoints
- G1/S
- G2/M
- M-phase

 moving on to the next stage
- tyrosine kinase (external factors)




- cdk (internal factors)




 being held back
- p53


- apoptosis





 when p53 doesn’t work
- non-disjunction






- cancer/mutations
* oncogene
	

- creation of organelles for cell survival
- enzymes required for DNA replication

- DNA replication and protein synthesis

- creation of organelles required for mitosis
ie. Centrosome duplication
- duplication of organelles for the daughter cell

- resting phase where cell is arrested in G1
- goes into quiescence, ie it doesn’t divide
- different from scenescence when it can’t divide more because the telomeres have run out








- at end of G1
- at end of G2
- at end of metaphase


- GF, GBR1, Ras, MAPK, Ap-1  cyclins
- cyclin concentration varies, cdk concentration doesn’t
- they bind to create maturation promoting complex
- when bound to cyclin, cdk can phosphorylate stuff
- promote cell to go the the next stage


- detects when a cell shouldn’t move on
- activates proteins that inhibit the creation of cdk

- signals creating of miRNA
- miRNA degrades any pro-synthesis mRNAs because there’s no point of synthesis
- also triggers creation of Apaf-1 and Bax so apoptosis cascade can occur 


- during the M-phase checkpoint the cell goes into anaphase even though metaphase hasn’t been reached
- end up with incorrect number of chromsomes in the daughter cells


- p53 can’t stop cell from dividing anymore
- promotes inappropriate cell division
- telomerase continues to work  cells have uncontrolled cell division



