Topic 1 - Intro and the cell
Friday, February 06, 2015         8:09 PM

•   What is a cell?
○ 1600s: Robert Hooke --> used microscope, saw "small rooms", or cellulae = cell
○ 1820s: Robert Brown --> found nucleus
•   Cell theory (explains a cell)
○ 1830s: Matthias Schleiden --> nucleus helps with development of cell
○ 1830s: Schwann --> all animal and plant cells have a nucleus
○ 1840s: Virchow --> cells arise only from pre-existing cells
○ 200 years of research led to tree of life, later to cell biology
○ Theory:
�  All organisms are made of one or more cells
�  Cell is basic structural and functional unit of living organisms (Schwann)
�  Cells arise from pre-existing cells (Virchow)
•   What are cells made of?
○ Membrane, genetic material, cytoplasm (ions, salt, nutrients), need energy of some sort (ATP), have metabolism, produce waste, same basic chemistry
○ Organelles: segregated areas of a cell that serve a specific function; membrane-bound (except ribosomes!)
�  Nucleus
□   Protect genetic information
□   Filled with chromatin
□   Lamins: lines, reinforces
□   Nuclear envelope has 2 layers (2x bilayer)
□   Hormones, proteins, steroids can enter
□   Nuclear pore complex
�Main function: mRNA moves out of nucleus (2-way)
�Size and affinity affects passage of material; transcription factors can go in and out
�Each nuclear pore is 0.1 um
�  Nucleolus: ribosomes are transcribed and translated (rRNA)
�  Ribosomes
□   In cytosol, or on rough ER, nuclear membrane
□   Proteins made in cytosol can remain in cytosol, go into nucleus, or become parts of other cytoplasmic structures (eg. mitochondria)
�All are soluble (polar)
□   Proteins made on rough ER will be integral proteins or processed thru ER and Golgi; delivered somewhere else in cell; excrete d
�Can be soluble or insoluble proteins
�  Endoplasmic reticulum
□   Rough ER
�Production and transport of proteins (protein folds into shape, chemical modification of proteins)
�Flattened, folded membrane system
�Spreads out from nucleus
�Protein goes into lumen of ER, modified, enter vesicles that bud off cisternae --> delivered to Golgi
□   Smooth ER
�Synthesizes lipids (eg. for cell membrane, communication,  cushioning, metabolism, help anchoring proteins bind)
�Detoxify (esp. in liver)
�More tubular shape & farther out from nucleus (often connected to rough ER)
�  Golgi complex
□   Stack of flattened membranes
□   Protein arrives at cis-face (convex)
�Vesicle fuses with membrane, frees content
�Protein travels across to trans-face
�Protein packaged, SORTED (based on functional groups), modified
◊  Supply of chemicals can come from endocytic vessels (fuse to trans-face); then, redirect contents to other organelles, like lysosomes, or stay in storage
◊  Can remove groups (eg. receptors from plasma membrane)
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�  Lysosomes

Produced protein can be secreted (via exocytosis), become integral membrane proteins, or be part of lysosomes
□   Digestion of macromolecules
□   Low pH (acidic) --> has many enzymes to break diff. types to chemical bonds
□   Made in Golgi
�Enzymes were produced (ER) --> Golgi --> sorted into same vesicle --> organelle made
�  Mitochondria
�  Centriole
□   Anchor point for microtubules (MTOC)
In centre (near nucleus): important for cell division (mitotic spindle formation)
□   In centre (near nucleus): important for cell division (mitotic spindle formation)
□   2 structures at 90 degree angles with 9 triplets each (together, form centrosome)
�  Chloroplasts
□   Site of photosynthesis
□   Series of  disks (thylakoids); together = grana
□   Liquid = stroma
□   Double membrane (inner & outer)
□   Amyloplasts = store starch
□   Chromoplasts = provide colour and pigment of cell
□   Contain chlorophyll  (absorbs light)
�  Central vacuoles
□   In plants and fungi
□   Act as digestive organelle for plant cells (NO lysosomes!)
□   Surrounded by tonoplast (membrane) = maintains vacuole
□   Pressure supports the plant cell
□   Store ions, pigments, proteins, etc.
�  Cell wall
□   Made of cellulose
□   Contains small openings between two cells = plasmodesmata
�Cells can communicate with each other via ions, larger molecules
□   Surround fungi and algal protists
□   Some have chitin (tougher)
�  Cytoskeleton
□   NOT an organelle, but important in anchoring intracellular components + transport of vesicles


•   What are the sizes/scales of cells?
○ mm = 10^-3 m; um = 10^-6 m; nm = 10^9 m
○ Prokaryotes: 1-5 um (10^6 base pairs)
○ Eukaryotes: 10-100 um (10^6 - 10^9 base pairs)
○ Cells are small because:
�  The bigger the cell gets, the membrane can't keep up with the demands of the cell
�  If increase SA, will increase volume a lot more
□   Smaller cells reach equilibrium faster
□   If larger, the chemistry of the cell gets messed up; concentrations will decrease
□   The smaller the cell, the higher SA:V ratio (prokaryotes are more efficient at diffusion)
(m --> mm) human > length of nerves/muscles  > chicken egg > frog egg

(100 um --> ~300 nm) animal/plant cells > nucleus > most prokaryotes > mitochondrion > smallest prokaryote

(100 nm --> 0.1 nm) viruses > ribosomes > proteins > lipids > small molecules > atoms

•   Endosymbiosis
○ One prokaryote host cell engulfed an aerobic bacteria, doesn't completely digest it; live in symbiosis
○ Chloroplasts come from cyanobacteria that was engulfed by the prokaryotic host cell
○ Evidence why:
�  Morphology: size/shape same as prokaryotes (bacteria, archaea)
ƒ  Reproduction: divide via binary fission
ƒ  Genetic information: circular
ƒ  Transcription and translation: don't transcript and translate own proteins when living in eukaryote, but have the ability to do so
ƒ  Electron transport: double-membrane; similar to free-living prokaryote cells
ƒ  Sequence analysis: sequencing of RNA is very similar to bacterial tree of life (archaea and eukarya are more similar, based on rRNA)
○ Endosymbiosis today:
�  Fungi in roots of plants
�  Bacteria in gut
�  Salamander and green algae; algae infiltrate embryos, provide O2 while use N2 produced
�  Sea slug steals chloroplasts from leaf (kleptoplasty)

•   What are the main groups/types of cells?

	Characteristic
	Prokaryotes
	Eukaryotes

	Size
	1-5 micrometres
	10-100 micrometres (5-20X greater)

	SA:V ratio
	Larger SA:V ratio
	Smaller SA:V ratio

	Genome arraignment
	Circular genome (10^6 base pairs)
	Chromosomes, linear (10^6 - 10^9 base pairs)

	Cytoplasm
	Simple cytoplasm
	Complex cytoplasm

	
	
	


Organelles                                       Small number of organelles (non               Large amount of organelles (membrane

	Organelles
	Small number of organelles (non-
membrane bound only)
	Large amount of organelles (membrane
bound)

	Reproduction
	Divide by binary fission
	Divide by mitosis

	DNA storage
	Genetic material in nucleoid
	Genetic material in nucleus

	Nuclear membrane
	No nuclear envelope (nucleoid)
	Nuclear envelope

	Cell wall
	Cell wall  (capsule)
	Cell wall (plants only, cellulose)

	Living condition
	Can thrive in harsh environments
	Regular environments

	Flagellum
	Flagellum to move, sub-microscopic
	Part of an organism, microscopic

	RNA
	Different RNA (distinguished by different rRNA, membrane phospholipids)
	Different RNA

	Adaptability
	Adaptable
	Complexity limits adaptability (longer division; co-dependent on other cells; difficult to change genome)

	Number of cells
	Unicellular
	Multicellular or unicellular

	Microtubules
	Few microtubules
	Many microtubules

	Cytoskeleton
	Limited/no cytoskeleton
	Cytoskeleton

	Common Characteristics
™ Both bound by a plasma membrane
™ Bilayer is made up of lipids and
proteins (hydrophobic)
™ Central region for the DNA
™ Cytoplasm
™ Ribosomes
™ Require ATP
™ DNA and RNA
	
	




•   Different types of microscopy
○ microscopy = technique of producing images of objects too small to be seen (with a microscope!)

○ Light microscope

o use light to view specimen

○ Electron microscope

o electrons illuminate the specimen

○ Magnification = ratio of the object viewed to its real size (eg. 2000:3)

○ Resolution = min. distance by which 2 points of the object can be separated and still seen as 2 points (ie. clarity) (inversely related to wavelength)

○ diff. technique for diff. specimens:

o Light microscopy:

ƒ  bright field = light goes through the specimen (need dyes to see structures)

ƒ  dark field = light illuminates specimen at an angle; bright image of cell on black background

ƒ  phase-contrast  = diff. refractions b/c of density of diff. materials are seen as diff. contrasts (living cells can be imaged)

ƒ  Nomarski (differential interference contrast) = like phase-contrast,  uses lenses to show diff. densities, 3D appearance

ƒ  fluorescence = stained specimen/molecules with fluorescent dyes, seen under UV light

ƒ  confocal laser scanning = fluorescently stained subject, laser scans it, sharp 3D image on computer

o Electron microscopy:

ƒ  transmission electron (TEM) = beam of electrons focused on a section in a vacuum; electrons pass thru form image, structures scattering electrons look dark (good for seeing individual structures)

ƒ  scanning electron (SEM) = beam of electrons passes over entire subject; excited electrons on surface are converted to 3D
image
Topic 2 - Macromolecules
Friday, February 06, 2015         9:21 PM

•   Understand and evaluate the importance of polarity of molecules
○ What can go through membrane
•   Types of chemical bonds
○ Covalent
○ Hydrogen
○ Ionic bonds
○ Van der Waals
•   Discuss the importance of water in biology
○ Hydrogen bonding is key
○ Less dense when solid than liquid
○ High specific heat and heat of vaporization
○ Cohesion & surface tension (molecules at water surface bond more tightly to those around them)
○ Form aqueous solutions, due to small size and high polarity
•   Know what are the main classes of macromolecules, their structures, and interpret these in relation to their roles in cells
○ Carbohydrates
�  Mono-, di-, poly- saccharides
�  Fuel for chemical energy in cell
�  Glucose


�  Galactose: left side -OH is UP
�  Oligosaccharides = ~10 in a chain
�  Roles:
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○ Lipids

□   Storage (glycogen in liver, starch in amyloplasts)
□   Structure (cellulose, chitin)
□   Recognition
�  Hydrophobic
�  NON-POLYMERS
�  Main types:
□   Fatty acids
�Carboxyl group at one end, hydrocarbon chain
�Polar and non-polar regions = amphipathic
�Saturated vs. unsaturated (with double-bonds)
�Longer chain = less water soluble
□   Triglycerides
�3 fatty acid chains + glycerol
◊  Saturated is more solid; unsaturated remains liquid, less viscous, since kinks need more space
�Stored in adipocytes, in liver (filled with fat, so cellular components squished to sides)
�Energy reserves (break covalent bonds 2 at a time)
�For cushioning, metabolic energy, thermal regulation
□   Phosphoglycerolipids  (phospholipids)
�2 fatty acids (hydrophobic) + hydrophilic head, attached together by glycerol
�Amphipathic molecules --> will arrange in a bi-layer spontaneously
�Found as:
◊  Membranes
` Unsaturated; if needs to be more fluid, can decrease saturation level; can change length of chains, the longer, the more likely to be unsaturated
◊
◊
□   Glycolipids

Liposomes = double membrane, used to transport/hide compounds
Micelles = can contain insoluble compounds within hydrophobic region
�Lipids w/ mono or oligo saccharide
�Glycerol or sphingosine backbones
�Part of ECM (for cellular recognition, signaling, eg. antigens!)
�Lipid remains in membrane, carbohydrate branches out
�Also found on microvilli in intestines; glycocalyx slows down food, allows for more absorption
□   Steroids
�Polar OH end; hydrophobic sterol (4 carbon ring) core, carbon tail (can change)
�Main one is cholesterol




○ Nucleic acids

◊  In plasma membranes, modifies into other steroids
◊  Can serve as buffers, modify membrane fluidity
◊  Precursor for many hormones
�  2 types: DNA and RNA
�  Monomer = nucleotide (1-3 phosphate groups, 5 carbon sugar [ribose, deoxyribose], nitrogenous base)
□   N-bases in DNA: adenine, cytosine, guanine, thymine
□   N-bases in RNA: adenine, cytosine, guanine, uracil
�  Backbone of structures = sugar and phosphate
○ Proteins
�  Polymers of amino acids (each has amino group, carboxyl group, and a hydrogen)
�  Peptide bonds (b/w carboxyl group and amino group)
�  20 proteinogenic amino acids
�  Have central asymmetric carbon (each side is bonded to different atom/group)
�  Differ in their radical groups
□   Polar [has oxygen in R group, or terminal S] 
[bookmark: _GoBack]□   Non-polar [only C, H, N, non-terminal S]
□   Charged [charged terminal end])
�  Structure
□   Primary = sequence of amino acids
□   Secondary = interaction b/w atoms of backbone
�Alpha helix
�Beta pleated sheets --> more rigid, less soluble
□   Tertiary = folding, interaction b/w R groups
�Shape depends on amino acids used
�Bonds b/w folds, ie. hydrogen bond, ionic bond, disulfide bridge, hydrophobic interactions
�Often is flexible, allows for limited conformational changes
□   Quaternary = more than one polypeptide forms the protein
□   May also contain prosthetic groups = non=protein components
□   Structure determines function (eg. normal hemoglobin vs. sickle cell hemoglobin differ with 1 amino acid)
�  Functions:
□   Hormones (insulin)
□   Receptors
□   Contractile/motor proteins (actin, myosin)
□   Structural (cytoskeleton)
□   Enzymes
□   Defense (antibodies)
□   Storage (hold aa and other substances in storage)
□   Transport (in membrane, ion transporters)
□   Gene regulation
□   Venoms and toxins
Topic 3 - Cytoskeleton, cellular interactions, and ECM
Thursday, February 12, 2015         5:44 PM

x  How is the cell’s interior organized?
○ Organized via cytoskeletal structures
�Microtubules concentrated near nucleus, radiate out
�Microfilaments concentrated on cortex (under membrane)
�Intermediate filaments near middle of cell
�Animal cells have the most cytoskeletal fibres (plants have a few; rely on cell wall)
�It is DYNAMIC!
○ Cytoskeleton
�Provides structure and support
�Intracellular transportation
�Positions organelles in cell
�Generate force for cell movement
�Contribute to cell division
x  Compare how each component of the cytoskeleton is formed
○ Microtubules
�Tubulin dimers (alpha and beta)
�  Globular, soluble protein (found in cytoplasm, easily accessible)
�Originate from MTOC (microtubule organization centre) at centrosome (near nucleus)
�Has polarity: + end = growing end; - end = MTOC, anchor
ƒ  Beta tubulin faces out in + end (b/c of exposed GTP); other GTP is buried b/w the two subunits
 [image: ]
�Tubulin dimers assemble as single row = protofilament
�Protofilaments stack to form sheets; roll up to form tube (via weak bonds)
�+ end can be jagged or blunt; can vary in length, esp. when wanting to extend network (some may play catch-up)
○ Intermediate filaments
�Different protein constituents; Monomer = long, rigid, fibrous proteins (eg. keratin)
�Assemble together and braid
�  1 protein --> Helix dimer of 2 proteins --> Attach 2 dimers staggered side-by-side (tetramer) --> put 8 tetramers together and coil them
�  No polarity!
�  No energy molecule (spontaneous assembly)
�Flexible, but strong
�  Protects against shearing, compression, torsion
�  Allows cell to change shape, but accommodate movement
�Do not participate in motility
○ Microfilaments
�2 strands of G-actin (globular protein)
ƒ  "Coil" together; both strands are built by adding subunits sequentially
�                                                                                                                                                                                                                                                                                 Has polarity (+ end = growing, barbed, - end = anchor, pointed) Ability to branch
�Ability to branch
�Can bundle together, form organized structures
ƒ  Leaves room for motor proteins to interact w/ more than 1 microfilament
ƒ  Can support membrane (eg. neuronal growth cones)

	
	Microtubules
	Intermediate Filaments
	Microfilaments

	Found in cell
	Near nucleus, flare outwards almost to membrane
	Beside microfilaments in cortex; around nucleus
	Entire surface of cell, under membrane

	Structure
	Hollow tube (13 protofilaments)
	Coiled; "braided" strands of fibrous protein
	Thin strands

	Monomer
	Dimer (alpha and beta tubulin)
	Different proteins (fibrous);
tissue specific!
	Actin (only 1 type, are asymmetrical)

	Size
	25 nm
	8-12 nm
	5-7 nm

	Rigidity
	Strong, rigid
	Flexible, strong
	Flexible

	Purpose
	Main method of transport; hold organelles in place; necessary for separation of chromosomes during division; movement via flagella, cilia
	Protect against stress on cell;
support
	Contractile element; cytoplasmic streaming; support; transport

	Polarity (for orientation of growth)
	Yes
	No
	Yes

	Growth
	In protofilament sheets that later roll into a tube
	8 fibrous protein tetramers line up and coil together
	Actin subunits are added sequentially, form a coil

	Energy molecule
	2 GTP molecules (w/i dimer)
	NO (spontaneous assembly)
	1 ATP molecule

	Motor proteins
(type)
	Kinesins, dyneins
	N/A
	Myosins

	Motor proteins
(ability)
	Can interact with more than 1 microtubule at a time
	N/A
	Can interact with more than 1 microfilament at a time


x  Relate the structure of the cytoskeletal fibers to their roles in the cell
○ Require weak bonds to disassemble/reassemble easily! (NO COVALENT BONDS)
�Only have ionic bonds, hydrogen bonds, van der Waals attractions
○ Microtubules
�Hollow tube
�Most rigid
�~25 nm diameter
○ Intermediate filaments
�Flexible, but strong
�Protects cell against torsion
○ Microfilaments
�Flexible, thin, can stack
�~5-7 nm diameter
x  Associate the different cytoskeletal fibers with their preferred molecular motors and contrast their characteristics with respect to their roles
○ Motor protein determines cargo selectivity and speed of transport (+ ATP availability); mechanoenzymes, have hydrolytic abilities
○ Orientation of motor protein displacement depends on structure of fiber and the protein associated with that orientation
�Carry vesicles, pigments, organelles, etc.
�Pigments: different pigmentation patterns (eg. frogs) depends on how concentrated they are brought to the area
○ Protein has 2 areas: one end attaches to cargo, other end has enzymatic activity (ATP for energy to move across cytoskeleton)
○ Direction of movement
�Anterograde = from cell body to membrane
�Retrograde = from membrane to cell body
○ Microtubules
�Kinesins (anterograde)
�Dyneins (retrograde)
○ Microfilaments
�Myosins (family of proteins; retrograde and anterograde types)
�Aid in vesicle transport, microvilli, amoeboid movement, muscle contraction
○ At end of one microtubule, the cargo is transferred to another motor protein to the next cytoskeletal fiber (microfilament)
�If need to change direction of movement of cargo, hand off to another motor protein (motor proteins can be cargo too!)
x  Discuss how cellular motility and mobility are different and how they are accomplished
○ Motility = ability to move, using energy (ie. locomotion)
○ Mobility = motility, also used for proliferation or differentiation
○ Made of microtubules, don't originate in MTOC
�Originate below membrane in basal body (anchors structure)
�9 + 2 complex = circle of 9 double microtubules around a double microtubule


○ Cilia

�  Dyneins allow microtubules to slide over each other (doublet is cargo)
�  Nexin links/holds doubles together (allows for whip back)
�Many, short arrangements
�Whip-like movement (movement based on length)
�Move liquids/substances across cell surface
○ Flagella
�Usually a single, long arrangement
�Smooth S-shape wave
�Move cell in environment
x  What are the main types of cell-to-cell interactions?
○ Tight junctions
�Fusion of proteins on external PM; seals area, nothing passes through
○ Anchoring junctions
�Plaques of protein interact with microfilaments (desmosomes) or intermediate filaments (adherens), anchor cells together
○ Gap junctions
�                                                                                                                                                                                                                                                                                 Channels formed by proteins bridging cells (connexins, form connexons); allows passage of small molecules for cell communication (channels open/close via pH, temp, ion concentrations [especially Ca++!!], polarity of cell) (similar to
plasmodesmata)
x  Describe what the extracellular matrix is made of, and interpret why it is important to cells
○ Fibrous glycoproteins (usu. collagen) secreted by cells in or near the matrix (held to membrane by fibronectins)
�Gives strength to cell, insoluble, good anchor
�BUT make it harder for microfilaments to push out cell membrane!
�Consistency depends on number of interlinks in the networks, dictates how much water can be trapped (proteoglycans!)
○ Holds cells together
○ Helps filter material passing b/w tissues
○ Helps orient cell movement during embryonic development, growth and tissue repair
○ Role in chemical signaling b/w cells
○ Communication b/w ECM and cytoskeleton
�Integrins = membrane receptors, binding of ECM and microfilaments
�MMPs (Matrix metalloproteins) = produce, degrade ECM, allowing cell movement in tissue
○ ECM and cytoskeleton: neuronal growth cones (microfilaments support membrane, microtubules extend into portions of the projection)

EXTRA: globular vs. fibrous:

•   globular is small, compact, alpha-helix
•   fibrous are soluble but mostly non-soluble, more beta-pleated sheets, flexible
Topic 4 - Membranes
Thursday, February 12, 2015        11:59 PM

•   Discuss the role of membrane, and in particular the plasma membrane, in a cell
○ Different membranes in different cells! Similar features
�Different lipid/protein content & glycolipids, glycoproteins
○ Roles:
�Boundary (selective permeability)
�Organize, compartmentalize, and scaffold (efficient)
�Regulate solute transport
�Receive signals
�Cell-to-cell communication (eg. connexons)
•   Understand and explain the fluid mosaic model. Include the membrane’s properties in the discussion.
○ Model defined in 1972 by Singer and Nicolson
○ Fluid lipid molecules (two lipid layers) with embedded, free-floating, or anchored proteins (mosaic of different proteins)
○ Dynamic, changing (asymmetric layers! Outside has more signaling!)
�Lateral diffusion
�Flexion (fatty acid tails will move when changing saturation of chains)
�Rotation
�Flip-flop (rare, requires energy, enzyme =  flipase)
○ Lipid bilayer changes due to:
�Length, saturation (due to  desaturase, homeoviscous adaptation) of fatty acid chains
�Polar head groups (amount of polarity)
�Sterols (buffer)
�Temperature
•   What is the membrane made of? Describe and organize the different molecules involved and link them to the membrane’s
properties.
○ Phospholipids
�Most abundant lipids in membrane
�Polar head, 2 hydrocarbon tails (amphipathic)
�Unsaturated double bonds influence fluidity of membrane
�Main types:
�  Phosphatidylethanolamine (PE)
□   Makes membrane more fluid
�  Phosphatidylserine (-) (PS)
�  Phosphatidylcholine (PC)
�  Sphingomyelin
□   PE and PC are most POLAR (found on outer layer of membrane)
□   Inside: PS(-ve)
□   SM in specific cell types (usually on outer leaflet)
□   More polar heads, makes membrane more fluid
○ Glycolipids (glycosphingolipids)
�1-2 fatty acid chains w/ 1+ sugar groups attached via glycerol, sphingosine
�For cell recognition, antigens
○ Sterols
�4 ring hydrocarbons
�Only in eukaryotes
�Important in fluidity (arrangement and as temp. buffer)
�Animals, protists = cholesterol; fungi = ergosterol; plants = phytosterol
○ Proteins
�Proteins in membrane:
▪  Transport
▪  Enzymes
▪
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▪  Signal transduction
▪  Attachment/recognition
�3 types (based on interaction with membrane):
▪  Integral/Transmembrane proteins
□   Eg. ion channels, receptors, integrins, connexins
□   Inside membrane = insoluble/hydrophobic; outside = soluble,  polar areas
□   Can span membrane more than once
□   Transcribed in rough ER
▪  Peripheral
□   Interact w/ integral proteins, cytoskeleton (Non-covalently bound to elements)
□   On outside or inside cell
□   Structural support/elasticity or mediate binding
▪  Lipid-anchored
□   Inside or outside cell, protein not inside membrane
□   Protein anchored COVALENTLY
�Extracellular proteins (GPI; glycosyl phosphatidyl inositol --> phospholipid & sugar)
◊  Useful for cell adhesion
�Intracellular proteins (fatty acid or prenyl groups)
◊  Mediate cell division, cell growth

•   Compare the different types of transport across the membrane and give examples for each.
○ Simple diffusion
�Spontaneous, down concentration/osmotic/electrochem/partial pressure gradient
�Small, non-polar molecules
�Cannot be saturated
○ Facilitated diffusion (solute too big, too hydrophilic)
�Some open all the time = leakage channels
�Others = gated channels (voltage, ligand, mechanically)
�Can be saturated
�No energy required
�Channel-mediated
▪  Gated, leak channels
▪  Electrochemical gradients
�Carrier-mediated
▪  Uniporters, co-transporters, exchangers
▪  Driven by solute gradients
○ Active transport
�Needs ATP or GRADIENT! (from primary transport, for secondary transport)
▪  Secondary transport types:
□   Symport (driving ion and transported solute in same direction) (eg. Na/Glucose)
□   Antiport (opposite direction) (eg. 3 Na+ for Ca++)
▪  Primary active transport
□   P-type
�Pumps! (small ions)
�Within membrane
�Needs ATP (phosphorylation in order to change shape) --> sends out Na --> K comes in,
phosphate comes off
�Generate/maintain membrane potential (electrochem. gradient)
�Eg. Na/K pump --> 3 Na out, 2 K in
�                                                                                                                                                                                                                                                                                                            Electrogenic charge = exchange of different amounts of charge (vs. electroneutral)
□   F-type
�Pumps, but  ONLY hydrogen!
�V-types also transport hydrogens (for vesicles)
□   ABC (ATC Binding Cassettes - large molecules)
�Against gradient
 (
St
u
d
y
 
G
ro
u
p
 
P
a
g
e
 
11
11
)
○ Exocytosis
�Fusion of membranes of vesicle and PM (becomes part of membrane)
�Inside vesicle (neurotransmitters, proteins, SOLUBLE items, NOT steroids/lipid-based molecules)
�Membrane of vesicle has proteins (from rough ER/Golgi), carries proteins made in rough ER
�Leaves cell/Golgi via anterograde transport
○ Endocytosis
�Bulk-phase/pinocytosis = Membrane folds back into cell, grabs ECF; seals, pinches off, is absorbed
�Motion comes from microfilaments! (peripheral proteins, anchored proteins contribute)
�Receptor-mediated
▪  Substrate binds to receptor, will cause vesicle to form
□   Clathrin coat (proteins) reinforces cytoplasmic side of membrane
▪  Contents brought to lysosome (degrades content, frees it)
▪  To save receptors, send back to Golgi (trans-face)
▪  If incomplete digestion, vacuole will release contents/debris
○ Phagocytosis
�Type of receptor-mediated endocytosis
�Cytoplasmic lobes extend when receptors are activated, engulf materials to form endocytic vesicle
•   How is membrane potential formed and what is it useful for in a cell?
○ Voltage = charge travelling from point A to B
○ Not excited = resting membrane potential
○ Channels: either mechanically (ligand) gated or voltage gated
○ Pump restores equilibrium
○ Change in ion distribution = action potential

--> study membrane via freeze fracture, microscopy, fluorescence recovery after photobleaching (FRAP) (for molecules moving in membrane --> dye membrane, shine laser beam on area, then see how long it takes for labelled molecules to go to bleached space)
(If lots of anchoring proteins, will take longer for dye to come around the anchor)
Topic 5 - Mitochondria & Energetics
Friday, February 13, 2015        1:12 AM

ƒ  Explain what is the role of mitochondria in a cell with regards to energy production
o Carries out metabolic AND non-metabolic processes!
�Metabolism
�Response to stress (eg. skipping a meal, being cold, physiological stress)
�Cell death
�Calcium storage
o Objective of cellular respiration = produce ATP for cell (energy!)
�Usage of integral protein, F-type ATP synthase (also is an ATPase!)
ƒ  Uses H+ gradient for energy source, product is ATP
ƒ  Also runs in other direction, uses ATP as energy to pump H+
ƒ  Found on cristae (folded, more SA for larger H+ gradient, more pumps, more ATP
produced)
�Enzymes used (mostly proteins, except ribozymes [RNA]):
ƒ  Oxidoreductases
ƒ  Transferases (eg. kinases)
ƒ  Hydrolases
ƒ  Lyases (double bond removal/formation)
ƒ  Isomerases
ƒ  Ligases (joining of 2 substrates w/ energy source)


ƒ  Understand key concepts of cellular energetics in relation to mitochondria
o Glycolysis
�In cytosol
�Produces 2 pyruvate, 2 ATP (net)
�Substrate-level phosphorylation
o Oxidative decarboxylation
�                                                                                                                                                                                                                                                                               Mitochondrial matrix (pyruvate passes through 2 membranes; large pores on outer membrane, but needs pyruvate-specific carrier, pyruvate dehydrogenase complex
(powered by Ca++), for inner membrane; also changes pyruvate into acetyl-CoA)
ƒ  Phosphatase
�Pyruvate converted into acetyl-CoA (2 molecules), 1 NADH produced
o Krebs Cycle
�Inside mitochondrial matrix
�Substrate-level phosphorylation
�"Furnace" used to burn "combustible" (pyruvate)
�8 biochemical rxns
�  Produces 1 ATP, 3 NADH, and 1 FADH2(per acetyl-CoA molecule)
□   Electron carriers, for electron transport chain
o Oxidative phosphorylation
�Electron transport chain = 4 protein complexes, convert electron carriers to build up H+
conc. in intermembrane space (electrochemical gradient)
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conc. in intermembrane space (electrochemical gradient)
ƒ  + 2 electron carriers (ubiquinone, cytochrome c)
�Produces ~32-34 ATP molecules!
ƒ  + heat, water (from H+ and oxygen), proton gradient, reactive oxygen species
ƒ  Oxygen is final protein acceptor! (need constant input to mitochondria)
�                                                                                                                                                                                                                                                                               Free energy gradient goes from more to less down chain (oxygen is last, most electronegative)
ƒ  CHEMIOSMOSIS = theory proposed by Peter Mitchell
□   All ATP phosphorylation depends upon mitochondrial electrochemical gradient, generated by using energy from NADH and FADH2
�  Proton motive force
□   Potential energy (can power ATP synthesis)
□   Energy is lost as heat and reactive oxygen species
�Complex V (F1F0 ATPase) converts proton gradient into ATP
ƒ  Proton motive force determines rate



�Rate determining steps of production of ATP
ƒ  ADP, phosphate, oxygen, NADH, FADH2 availibility
ƒ  H+ gradient
ƒ  Saturation of pump
ƒ  Pyruvate dehydrogenase activity (availability of Ca++!)
�Photosynthesis and Cellular Respiration:
ƒ  Reactants of photosynthesis are products of cell. resp. (CO2 and H2O); products are glucose and oxygen
ƒ  ETC happens first in plant cells
ƒ  Photosynthesis = anabolic; cellular respiration = catabolic
o Understand the importance of calcium
�Toxic to cells! (but stored in cells to prevent this)
�Availability, Storage
ƒ  Calcium enters cell via channels (ligand/voltage gated)
ƒ  To pump out of cell, use secondary active transport (Na-Ca antiporter)
ƒ  Storage:
□    In calcium-binding proteins (in cytosol) (hydrophilic, globular, soluble)
�Easier to access, but no longer an ionic problem!
□   In sarcoplasmic/endoplasmic reticulum (depending in muscle) In mitochondria
□   In mitochondria
�Primary active transport (calcium ATPase)
�Use different gates to access calcium when needed (ligand, voltage, etc.),
based on intracellular concentrations!
�Able to withstand high concentration of calcium, with a limit
�  Calcium important to metabolism
□   Pyruvate DH activated by Ca++
□   Important in Krebs cycle for substrate level reactions
�Cellular functions
�  Response to stimuli (eg. vesicle secretion in axon)
�  Muscle contraction (motion of actin and myosin)
�  Signaling (second messenger)
�  Enzymatic cofactor (eg. coagulation) (enzyme activity maximized with Ca)
ƒ  Bones
ƒ  Metabolism

Studying mitochondria: via centrifugation (need to separate from other cellular components), dynamically under a microscope
Topic 6 - Mitochondria & Apoptosis
Tuesday, February 24, 2015        12:56 AM

•   Cells can grow, divide or die
•   Cells need to die b/c:
•   prevent cancer (prevent tumor)
•   outlive use (eg. get rid of webbed toes)
•   certain brain cells die to consolidate a stronger network
•   infection, virus, pathogen
•   size of organ, tissue, organism, etc. (need to control total cell #!)
•   depend on total cell mass!
•   better to have many smaller cells

•   Need cell communication to exercise some control on whether cell will, grow, divide, or die
-  Triggers of cell death (changes in cell, all contribute to a cell's death, but have different mechanisms)
•   Chemical messengers (growth factors, mitogens for cell division, survival factors); usually absence of these!
•   Toxicity
•   Damage (eg. to DNA)
•   Cell cycle check points (if mitosis goes wrong)
-  -----------------
2 mechanisms = necrosis & apoptosis

•   Necrosis = non-programmed cell death
•   Surplus of calcium
•   Loss of ATPase functioning; ions will increase in concentration, lose electrochemical gradient, active transport
•   Influx of water (osmosis) --> loss of membrane integrity, increased pressure; cell swelling results in lysis
-  Swells b/c of the tonicity/osmotic pressure of the environment (hypotonic environment)
•   Consequences to neighbours: ions into ECF, enzymes (lots of collateral damage)
•   Mitochondria do not produce ATP

•   Apoptosis = programmed cell death
•   Stress signal (intrinsic and/or extrinsic)
•   Increase in Ca2+
•   Pro-apoptotic protein
•   Opening of PTP (permeability transition pore)
•   Cytochrome c release (changes to cristae)
•   Activation of apoptosomes
•   Signaling cascade (caspases)
•   Fragmenting into little compartments (apoptotic bodies); not damaging b/c encompassed by membrane; will be phagocytized by macrophages
•   Cell shrinks

•   Structural changes during apoptosis
2 pathways, same end result!:
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2 pathways, same end result!:
•   Chromatin condenses (shrinking cytoplasm)
•   Long pieces of DNA are cut ("laddering")
•   Form small portions, engulfed by membrane ("blebbing"), eaten/degraded by macrophages
•   Junctions are no longer efficient, therefore lose ability to remain attached to other cells

-  Extrinsic pathway
-  Intrinsic pathway
•   Something disturbs the cell, INTERNALLY is stressed (leads to programmed cell death)
-  ie. losing binding of survival factors (no more messages to keep surviving)
-  missing cell cycle checkpoints
-  DNA too damaged
•    Bad (pro-apoptotic protein; usually kept in check, dephosphorylated by stress)
-  inhibits Bcl2 (anti-apoptotic) (normally inhibits IP3, which controls Ca channels in endo. reticulum, lets it flow out)
-  Also activates Bax and Bak (change Ca++ regulation in ER and mitochondria --> facilitate IP3 binding to channels)
•   Calcium goes to mitochondria
-  permeability transition pore (PTP) forms
-  Cristae rearrange, put PTP in outer membrane
-  Allows protein (cytochrome c) to exit mitochondria
•   Cytochrome c comes together with caspase-9 and Apaf-1
-  form apoptosome ("wagon-wheel"), initiates caspase cascade --> activates initiator caspases, then executioner caspases
•   Mitochondria stay to the end in apoptosis (active process, needs ATP)

-  Caspases
•   family of enzymes (proteases, break down proteins after aspartame [Asp])
•   2 categories:
-  Initiator = first ones activated, activate executioner caspases
-  Executioner
�  Protein kinases (disrupt cell adhesion)
□   Cell detaches, favours blebbing
�  Stop lamins, nuclear envelope disintegrates (easier to package up DNA)
�  activate DNases (hydrolyze DNA, DNA laddering)
ƒ  Inhibit cytoskeletal elements (change cell shape, size; can shrink, go into apoptotic bodies)
ƒ  Activate scramblase!
•   Neighboring cells detect apoptotic bodies for phagocytosis:
•   Have negatively charged phospholipid on OUTSIDE makes them appear as foreign bodies/pathogens
•   PS (phosphatidylserine) is outside b/c of flipase activity
-  P-type and ABC = ATPases, active transport (not used for apoptosis)
-  SCRAMBLASE
-  Can also be spontaneous
•    Scramblase -->  calcium (Ca2+) and caspase dependent!
-  Can translocate in BOTH directions (favours PS onto outer leaflet)

-   Mitophagy
•   Just because one mitochondria dies, cell doesn't have to die
•   Control number of mitochondria based on metabolic requirements
•   Unclear how they are "chosen"
•   Important for aging, development, and certain pathologies (AD, Parkinson's, etc.)
•   Stress affects mitochondria (damage)

1.   Mitochondria will split via binary fusion (healthy and non-healthy)
-  Healthy fuses with another healthy
2.   Unhealthy recruits PINK1 (kinase)
3.   PINK recruits Parkin
4.   Parkin promotes ubiquination (adding of ubiquitin)
5.                autophagocytosis                                                lysosome
5.   Signals autophagocytosis (directs organelle towards lysosome via microtubules, motor proteins)
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Topic 7 - Cell Signaling
Thursday, March 19, 2015         5:50 PM



•   Cell communication = cells exchange messages in order to complete a task
○ Conversation b/w cells
○ So that every biological process can occur
○ When is it important?
�  Eg. growth, division, cell death
○ Can go wrong (cancer, pathologies, etc.)
•    Reception, Transduction (message relayed through cytoplasm, requires secondary messengers), Response (signal to effector)
•   Signal transduction = response to signal

•   Signaling molecules/chemical messengers (many thousands of them)
○ Sorted via size, polarity, functional groups, physical properties, type of message transmitting, type of macromolecule (chemical structure)

•   Paths (different distances, speeds, reach diff types of cells)

○ Direct contact =  gap junctions (direct, cell-to-cell, between 2) (ions, gases)
○ Indirect =
�  Autocrine, paracrine signaling
□   Depends on diffusion, not very far travel
□   Autocrine = messenger goes from cell, goes back to same cell
□   Paracrine = from cell to another neighboring cell
�  Endocrine signaling
□   Messenger travels via blood stream
□   Moves via concentration gradient
□   Globular, soluble proteins
�  Exocrine signaling = message will signal the release of substances through a duct (glands)
�  Neural signaling
□   Chemical message received by cell, converts to electrical signal, travels down axon
□   Converted electrical message into chemical messenger; reaches target cell (neuron, muscle, etc.) =
release of neurotransmitters
□    Long-distance
•    Neuronal and gap junctions (direct contact) are the  fastest
○ Gap junction: short distance; limited by distance, saturation rate, size of messenger!
○ Neuronal signaling: fastest indirect! (Faster to travel via membrane potential than via chemicals)
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•    Messengers (Ligands) (6 classes)
○ 1. Steroids
�  Can modify cholesterol to make other steroids
□   Differences in functional groups
�  3 subcategories (depends on what they do)
□   Regulating ions, salts, etc. = mineralocorticoids (aldosterone)
□   Regulating processes with glucose (homeostasis) = glucocorticoids (cortisol)
□    Sex hormones (testosterone, estrogen, progesterone)
�  Endocrine
□   Can't be in vesicles (must be bound to intracellular signaling receptors)
�  Gene transcription factors!

○ 2. Eicosanoids (lipids)
�  Lipid-derived (from phospholipids!)
�  Local hormones
□   Prefer to use autocrine/paracrine signaling (cannot be gap junctions, due to size) = diffusion
ƒ  Manage pain and inflammation
ƒ  Phospholipase A2, can get rid of polar head, change structure of glycerol, keep fatty acid tails =
arachidonic acid
ƒ  Arachidonic acid becomes:
□   Prostaglandins = pain (Cyclooxygenase pathway)
□   Leukotrienes = inflammation (lipoxygenase pathway)
�When taking anti-inflammatories, work against (blocking) these enzymes!

○ 3. Peptides/proteins
�  Peptide = short chain of amino acids (<50); protein = complex amino acid structure
�  Properties:
□   Most are hydrophilic (soluble in cytosol)
�Can easily move through cytosol
□   If in cell, cannot freely move through the membrane
�Packed into vesicles, be exocytosed!
�Can be prepackaged, ready to be released!
◊  Takes a while to make a protein, so if you need to send the message, can be quickly released!
�Can package protein in INACTIVE form (short sequence)
◊  Will not start exercising function right away
◊  Will also package enzymes to turn protein on
◊  When ready to send message, enzyme initialed, activate protein
◊  Eg. proinsulin (will be cleaved in order to activate)

○ 4. Purines
�  Eg. Caffeine! Theobromine = chocolate!
�  Derived from adenine or guanine (nitrogenous bases)
�  Paths: paracrine, autocrine, neuronal
�  Hydrophilic, secreted via exocytosis
□   ALSO have transporters!

○ 5. Amines
�  Amine group (NH2)
�  Derived from amino acids
�  Eg. epinephrine, histamine, GABA (many neurotransmitters!)
�  Needs to act quickly, able to remain in storage! (most are hydrophilic!)
□   Except thyroid hormones (hydrophobic)
�Easier to diffuse through membrane, but cannot be packaged
�Keep producing, synthesize on demand

○ 6. Gases
�  Small molecules
�  Diffuse easily (use gap junctions!)
�  Short half-live
�  Come from bloodstream (inhaled), by-products of biochemical rxns in cell
□   V. efficient (use byproduct to signal other cells!)
□   Eg. blood cells allows NO to diffuse across membrane, NO acts on smooth muscle lining blood vessels (induces them to relax, increase dilation of vessel)
�  Paths = direct, paracrine, neuronal, endocrine (ALL!)

•   Messages recognized by receptors
○ Some on surface of cell
○ Gap junction, messenger diffusion: makes no sense to have surface receptors
�  Receptors can be inside cell
•   Need different types of ligands (messengers)!
○ Specificity
○ Efficiency
○ SPEED!
○ Accomplish different tasks!
○ Use different paths of communication!
○ Messengers can communicate with different receptors
�  Different types of receptors, based on:
□   Location (transmembrane, inside cell)
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Topic 8 - Signal Transduction
Thursday, March 19, 2015         6:40 PM

•    Transmembrane receptors
◊  Ligand needs a specific area to reach receptor, bind (ligand binding sites, like lock and key), trigger response
` Affinity can be different (changes length of "conversation")
–  If messenger stays, cellular response continues!
◊  3 categories based on how they work, role in cell: (ALL have to have ligand-binding site outside of membrane)
` Ligand-gated ion channels
–  Messenger binds to receptor, 3D shape of receptor changes (change in conformation), opens/closes channel
(specific or non-specific for passage of ions)
` Receptor-enzyme
–  Ligand binds, changes conformation of integral protein, protein GAINS enzymatic ability on intracellular side! (tyrosine-kinase)
–  Catalytic activity on intracellular side
` G-protein-coupled receptor
–  Large, span membrane 7 times
–  Ligand binds, conformation changes, interact with proteins near the membrane (G-proteins)
–   G-protein activates, relay message inside cell
◊   Ligand NEVER enters the cell! ***
◊  Lipid rafts can accommodate these receptors!
` Membrane becomes rigid with more receptors, cannot maintain proper placement
` Produced in ER, sent to PM
` Higher concentration of phospholipid with longer chains, more saturated (SPHINGOLIPIDS)
–  Thicker membrane, more rigid, able to withstand stress of protein insertion
–  Compensate rigidity w/ cholesterol!

•    Intracellular receptors
◊  Lipophilic, small ligands MUST get inside the cell to reach them!***
◊  Inside cytoplasm (free-floating) or inside nucleus
◊  Useful b/c have different mode of action
` Ligand binds to them (eg. steroid); interaction forms complex, can act as a  transcription factor! (DIRECTLY stop/start transcription of a gene)
–  Recognizes promoters regions on DNA, activate/inhibit gene transcription
•   If you have many molecules of messenger, odds of reaching receptor(s) increases
•   On receiving cell, depending on cell type/function, number and variety of receptors will differ

•   Amplification
○ Message being brought to cell is amplified (1 signal messenger binds, interacts with multiple second messengers, eg. enzymes)
�  Amount based on cell type, messenger, specific cascade
�  Important: cell responds, reduce # of primary messengers (can be hard to prepare, produce for high level of
response)
•   Receptors (4 classes)
○ Intracellular receptors
○ Ligand-gated ion channels
○ Receptor-enzymes
○ G-protein coupled receptors

•    INTRACELLULAR RECEPTORS
○ Lipophilic messengers (hydrophobic)
�  Eicosanoids, steroids (hormone)
○ Reaches receptor in cytoplasm or in nucleus (in ligand-binding domain)
�  Complex becomes a transcription factor
�  Interacts with promotor region (response elements) (before the gene); sequence that controls how gene is
expressed
If activates, gene transcribed to mRNA, translated into protein = cellular response
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�  If activates, gene transcribed to mRNA, translated into protein = cellular response
○ Eg. cortisol (glucocorticoid)
�  Long-term stress response
�  Produced by adrenal glands
ƒ  Can influence pancreas
–  Reduce how much insulin it produces, releases (insulin = increases uptake of glucose in cells)
–  Therefore, reduce ability to control blood glucose
–  Reaches cells in pancreas, finds intracellular receptor, forms complex (transcription factor); goes into nucleus, binds to DNA
�Gene for insulin transcription is reduced

•    TM RECEPTORS: LIGAND-GATED ION CHANNELS
○ Ligand binds (doesn't enter), channel will change conformation; open/close pore (allow, inhibit); can be specific or non- specific
○ Can be multiple portions of proteins that form the pore (hydrophobic/hydrophilic regions)
○ Eg. bind ligand, channel opens, let in ions
�  The cell's electrochemical gradient changes (depending on charge of ions)
–  Impacts the electric potential & events from this
–  Impact on how permeable the membrane is (active transport)
○ Eg. Mitochondria
�  Produces acetylcholine (choline and acetyl CoA)
–  Easily produced w/i cell; packaged within synaptic vesicles (hydrophilic), lie in wait
ƒ  Will release acetylcholine when:
–  Voltage-gated calcium channels will open; Ca++ will bind with synaptic vesicles, release Ach
ƒ  Ach will cross synaptic cleft; on postsynaptic dendrite, will bind to ligand gated ion channels, G -protein receptors
�Will change membrane potential; brings in more ions, amplifies response!
–  Ligand channels: need 2 acetylcholine to activate receptor; shape of subunit will change, will create gate, allowing sodium, calcium to enter cell, K+ leaves a bit
–  Extra + change gets in, increase membrane potential
–  Interaction b/w neurons and muscles, primary messenger is Ach; allow Ca++ to enter, will make actin and myosin interact with each other
�Actin is covered by tropomyosin; Ca++ binds with troponin C, troponin C will change its structure, move
tropomyosin out of the way, frees myosin-binding site on actin (ATP provides energy for motor protein to pull on actin)
–  Calcium is from sarcoplasmic reticulum (stored); sodium and calcium come in when ligand-gated channel
opens up (but not enough conc. of Ca++ to do much, need to amplify message)
–   Calcium is the effector
–  Sodium: extra +ve charge changes membrane potential; gets propagated throughout membrane (via T-tubules)
down to sarcoplasmic reticulum (voltage-gated Ca++ channels); will release Ca++
–  Acetylcholine will be broken down via acetylcholinesterase (ending response)

•    TM RECEPTORS: RECEPTOR ENZYMES
•   "Classic" receptors
•   Ligand binds to ligand binding domain (outside cell) = change in conformation; intracellular catalytic domain gains activity on inside of cell (cascade of phosphorylation/dephosphorylation)
•   3 subclasses:
○ Guanylate cyclases
○ Serine/threonine kinases
•    Tyrosine kinase receptors
•   Largest family (>20)
•   Lead to positive cellular responses (promote proliferation, growth, survival, metabolism)
•   Line membrane as MONOMERS (individual subunits)
•   Bind to ligands (eg. growth factors, etc.) = changes conformation, allows them to join each other, DIMERIZE! (2 bound subunits)
•   Catalytic activity only start when dimerized and  AUTOPHOSPHORYLATION  (triggers catalytic activity to self- phosphorylate!)
○ Once phosphorylated, THEN active!
Cell will respond by recruiting proteins inside cell to interact/bind to receptor; where the receptor has been
•   Cell will respond by recruiting proteins inside cell to interact/bind to receptor; where the receptor has been phosphorylated
•   Second messengers: Ras, phospholipases (will break bond b/w phosphate and lipid, eg. to make eicosanoids!)
○ SH2, SH3 domains
�  Areas on protein, able to match/fit with phosphorylated areas (6-10 tyrosines) of catalytic domains of receptors
�  Which tyrosine is phosphorylated, will govern which second messenger you will use to initiate signal
transduction in cell
□   Requirement: protein recruited must have proper conformation to fit with the phosphorylated tyrosines
(SH2 domains!)
□

□
•    Cascade:

Categories of signal transduction cascades; include PI 3-kinase, or GAP (GTPase-activating protein), or phospholipase C-y (PLC-y)
Also, have SH3 domain (can interact w/ next step in cascade)
○ 1. Monomers form a dimer once ligands (growth factors) bind
○ 2. Autophosphorylates tyrosines
○ 3. Ability to interact with intracellular proteins (second messengers)
□    Ras! But cannot directly interact with receptor; needs ADAPTOR PROTEINS (can fit together Ras and activated receptor)
□    4. GRB2 and Sos: GRB2 binds to receptor, is bound to Sos via SH3 domain; Sos able to activate Ras
□    Ras = small G-protein (GTPase activity)
�Inactive = bound to GDP, has certain shape
�5. When Sos recruits it, induces change in conformation, allows Ras to get rid of GDP, get GTP (JUST an
exchange! No phosphorylating!)
�6. Activates, changes shape, unbound from Sos, activated in cytoplasm; can relay message within cell
•   When cell grows, need to trigger production of microtubules, membrane, actin filaments, motor proteins, etc.
•   Ras and NGF
○ NGF (nerve growth factor, dimer)
�  Discovered by Rita Levi-Montalcrini
�  Neuronal cell growth
�  Act like tyrosine-kinase cascade with Ras
1.   Receptors (eg. TrkA), bind monomers together to form dimer once NGF is bound
2.   Autophosphorylate, recruit adapter proteins (GRB2, and 2 other adapters, another GRB2 and Ras)
3.   Activate Ras
4.   Series of phosphorylations (activations)
5.   ***MAPK (MAP kinase) activates transcription factors, activates gene transcription +  makes sure Bcl2 remains
ACTIVE! (inhibits apoptosis!)
○ Other phosphates on tyrosine can interact with other proteins, substances!
�  PI3 Kinase
�Don't need adaptor proteins, relays info
�Via series of phosphorylations, will lead to making sure that  Bad remains phosphorylated (inactive
state) (restricts apoptosis)
�Also, activates IAP to inhibit apoptosis (allows BCL2 to be active)
○ * 30% of cancers can be associated with dysregulation of one of these steps between Ras and MAPK.



•   Epithelial growth factor (2 paths)
1.   GRB2 and Sos pathway, Ras pathway --> activates MAPK (same as NGF), gene transcription since it activates transcription factors
2.   Receptor binds with  PLC (phospholipase C, enzyme) --> activated
i.   PLC will  cleave PIP2 (protein linked to the membrane via phospholipids) into:
1)    DAG (diacylglycerol = part of 2 fatty acid chains [no phosphate head group], still part of membrane;
makes membrane more fluid )
2)    IP3 = will regulate calcium (bind to receptor, releases calcium from endo. reticulum)
a)   Calcium can act as secondary messenger then! (kinases, proteins, channels, calcium -binding proteins, etc.)
�  Each step has amplification
�  Bcl2 prevents IP3 to bind to receptor (Bax and Bac make it easier for IP3 to bind and release calcium)


•    G-PROTEIN COUPLED RECEPTORS (GPCR)
○ Largest family (Metabotropic)
○ Multiple ligands (some bind to many GPCR) = multiple responses!
�  Odors, taste, light photons (eg. retina,  rods and cones) , etc. ( no specific purpose)
○ Span membrane 7 times! (instead of multiple subunits); loops have different roles
○ Interact with GTP-activating proteins (G-proteins)
○ 2 main pathways: cAMP, PIP (IP3)
�  Adrenergic receptors = most common type (for adrenaline, how it leads to many different types of responses) (work by Kobilka, Lefkowitz)
�  X-ray Crystallography
□   Structure - function
□   Take compound, form a crystal (hard to do with soluble proteins)
□   Hit the crystal with x-rays, see how they are dispersed due to shape of crystal
□   See size/diameter, alpha or beta pleated sheets, etc.
□   First structure shown took 22 years to do!
cAMP pathway                                                                                                     PIP/IP3 pathway (phosphatidylinositol)
• Receptor binds ligand, conformation of receptor changes,  recruits
G-protein ( three subunits that work together)
• Recruited, is in inactive from, alpha unit is bound to GDP; first need to activate alpha subunit
� Will exchange GDP for GTP, dissociate from gamma and beta
subunit
• Alpha subunit goes to target (amplifier enzyme) =  adenylate cyclase (catalyzes ATP to cAMP when alpha is bound)
• cAMP = SECOND MESSENGER (main); interacts with specific targets within the cell
� Binds to regulatory subunits of PKA (protein kinase A),
dissociated from PKA, activating it!
� PKA can translocate into nucleus via pores, act as
transcription factor
� PKA phosphorylates different targets inside the cell --> eg.
proteins, channels, receptors, ADP, enzymes; depends on the ligand
• Amplification = more alpha subunits, adenylate cyclase, PKA
• Some GPCRs can be inhibitory!
○ Alpha subunit can be inhibitory, shut down amplifier enzymes (ie. adenylate cyclase)
○ Need to turn off to maintain equilibrium
• Activating pathway also has an "off-switch"
○ If not enough cAMP, regulatory subunits will reattach to PKA
and inhibit them
○ Serine/threonine phosphatases dephosphorylate proteins from PKA, terminating the response

• Ligand binds, induces change in conformation, allows recruitment of G protein, alpha subunit
○ Activates phospholipase C  (PLC) = amplifier
□ Cleaves PIP2 into DAG and IP3
○ DAG = cleaved in membrane to form  arachidonic acid (can be further modified by 2 pathways into prostaglandin (pain) or leukotriene (inflammation))
○ IP3 into cytoplasm
□ Activates IP3-gated calcium channel (endo. reticulum) = release of calcium
□ Muscle contraction, synapse and neurotransmitter release, ion channel antiport, taken up by mitochondria
□ Calmodulin activation (diverse effects)
○ Calcium can activate PKC (protein kinase c); move to interact with DAG
□ Can phosphorylate different things/proteins in the cell





















•   One ligand - many responses
•   Norepinephrine --> role is different based on which receptor its bound to
�  Same cell type, but 2 different receptors
�  Blood vessels (beta-receptor = dilation; alpha-receptor = constriction)
�  Different receptors = different pathways = different outcomes!
�  Different cell types
•   Coordination of response
•   Certain pathways can take precedence over others = coordination of signals
•   Pancreas
○ Detects lvls of glucose
○ Able to secrete  2 messages (store, or release glucose) but can only do  one at a time (antagonism)
�  Insulin --> Tyr-k receptors; cellular response = increase # of glucose transporters in cells
�  Pancreas is unable to release glucagon (which triggers GPCR and cAMP; breaks down glycogen, raises blood
glucose)
glucose)
•   Ending the response
•   Inhibitory subunits of GPCR
•   Dephosphorylating a channel, prevents active conformation (receptor inactivation)
•   Endocytosis (internalize receptor-ligand complex); receptor can be recycled w/o ligand
•   Enzymes in extracellular space degrade ligand in receptor
•   Ligand is taken up by adjacent cell
•   Ligand becomes attracted by bloodstream
•   Ligands come to receptors are based on CONCENTRATION GRADIENT!

•   Comparing receptors
○ Structure
○ Second messengers: cAMP (cGMP as well), IP3, DAG, calcium
○ Activate different cascades
○ How to get message in (ligand); different effector
○ Purpose
Topic 9 - DNA Replication
Thursday, March 19, 2015        6:40 PM

•   History
○ 1868, Miescher --> discovered DNA, named nuclein
○ 1911, T.M. Morgan --> associate traits (genes) to a chromosome
○ 1928, F. Griffith --> properties of different strains of S. pneumoniae related to virulence
○ 1940, O. Avery --> Properties related to DNA (not RNA, protein seemed likely before)
○  1952, A. Hershey --> DNA is hereditary molecule (via bacteriophages, E. coli)
○ 1953, Watson and Crick --> molecular structure of DNA
○ Get X-ray diffraction data from Rosalind Franklin
○ 2003, complete mapping of the human genome

•   Structure
○ Nitrogenous bases (A, T, G, C) linked to 5C sugar (deoxyribose) and phosphate group
○ Phosphodiester linkage b/w 3` C of sugar (OH group) and P-group of next nucleotide
○ AT, CG to make the width of DNA uniform (2 nm), binding is proper (3 vs. 2 H-bonds with CG and
AT, respectively)
○ Double helix --> strands run in opposite directions (antiparallel)
○ Ribonucleic Acid (RNA)
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•   Organization

�  Different sugar (ribose)
�  Single stranded helix
�  No T --> instead is U (uracil)
�  mRNA, tRNA, rRNA
○ 6 feet of DNA must fit in every cell! (nucleus = 6um)
○ Need to have easy access!
a.   Wrapped around histones (protein)
i.   Forms nucleosomes
b.   Assemble nucleosomes into a solenoid (compacted in more than one dimension; twisting around each other)
c.   Form chromosomes
•   Needs to be able to be unwound to replicate, or to access gene to transcribe it
•   Organized, efficient
-  Dogma of molecular biology
•   Flow of information is UNIDIRECTIONAL!
�  DNA --> RNA --> protein
�  Not always true (eg. rRNA, tRNA)

-  DNA replication
○  Semi-conservative! (one half is conserved from old strand, other half is new after first replication cycle; second cycle, 2 new, 2 semi-conserved) (parental and daughter strands)














Meselson Stahl experiment
○ Meselson-Stahl experiment
�  Grew E. coli in heavy N; incorporate into genome
�  Placed with lighter N E. coli, DNA replicated
�  Spun in centrifuge, if heavy go to bottom, light goes to top
�  First was 100% heavy, then 50/50, then 75/25, etc.
○ Same machinery of replication b/w bacteria and eukaryotes!
�  Circular DNA (prokaryotes)
�  Single point of origin
�  Linear DNA (eukaryotes)
�  Multiple origins of replication (replication forks)
�  Separated DNA area = replication bubble!
�  Antiparallel (3` and 5` ends)



○  Process:

□   Add new nucleotides 5` to 3` (work from the 3` end of old DNA) (read the new strand from 5` to 3`!)
1.    Helicase = splits the two apart
2.    Single-stranded binding proteins = sit on single strand, prevents reannealing (winding back
together)
3.    DNA girase (topoisomerase) = prevents super-coiling, introduce small nicks on opposite
sides of the bubble (breaks apart the sugar and phosphate backbone)
□   Prevents torsion from splitting the strands apart
4.   Primase (RNA primase)
□   DNA polymerase III needs a double strand to start introducing DNA nucleotides (50 nucleotides/second)
□   Introduces short sequence of nucleotides, primer (4-10)
□   Brings in complimentary RNA nucleotides (reads A, brings U!)
□   2 consequences: have RNA attached to DNA; have short portion that is double stranded, can recruit DNA polymerase
□   Only need 1 primer on leading strand; multiple primers on lagging strand
5.   DNA polymerase 3
□   Reads single parental strand, introduces complimentary nucleotides (identical to other parental strand)
□    Sliding clamp protein, comes in with DNA polymerase 3, prevents detachment until
synthesis is complete.
□   Add nucleotides 5` to 3`
�Easy on one parental strand, work towards replication fork
◊  Continuous replication
◊   Leading strand!
�Other side, work from replication fork down
◊  Discontinuous replication
◊  Okasaki fragments!
◊  First Okazaki fragment before fork; reaches origin, DNA polymerase
3 will need to detach, go to replication fork at next primer (will be
blocked by a previous primer)
◊   Lagging strand!
◊  As DNA polymerase III moves down, forms a loop of uncopied DNA that will be copied after!
□   Both strands almost finish at the same time!
□   Replication works from origin of replication (in middle of bubble) to the replication fork, both ways
6.     DNA polymerase I = Get rid of RNA primers
□   Removes RNA primers (all have different sugar, so easy to recognize)
□   Moves 5` to 3` (follows behind DNA polymerase III)
□
□   Replaces them for DNA nucleotides
□   Leaves a gap (no phosphodiester bond)
7.    DNA ligase = seals the gap
□   Reforms the phosphodiester bond


○ Goes on for the rest of the strand of DNA, until you have 2 identical coils of DNA (1 parental, 1 daughter)

○ PROOFREADING! (2 ways)
�  DNA polymerase III --> can also proofread!
□   Stops, checks if it is correct (removes the nucleotide, replaces it)
□   Can do this because there is already a double-strand present!
□   Can move either way down the DNA, but can only ADD nucleotides in one direction!
�  Nucleotide excision repair
□   Using various DNA endonucleases (found inside nucleus)
□   After strand is complete!
□   Removes a potion (~30 nucleotides) of the error, comes in, find the gap, fill it in with the proper nucleotides
□   Eg. writing in cursive, cross out the word
○ Replisome = the entire molecular machine of replication

○ End of lagging strand
�  DNA polymerase I cannot replace the final RNA primer
�  End portion is lost! (every time you replicate, the strand becomes shorter!)
□    Senescence = lose ability to translate genes, fewer amino acids (impacts protein structure, function, location)
�Aging of a cell
□   Overhang created, 2 strands can stick together; have serious impacts
�  TELOMERES = additional DNA, repeating non-coding sequence
□   Protect coding regions of DNA!
�  Production of a telomere
□    Telomerase (enzyme) binds to single stranded 3` end via complementary RNA base pairs (uses its own as a "primer")
□   It synthesizes new telomere DNA using the telomerase RNA as a template, continues
for many nucleotides
□   Telomerase detaches; recruit a primer to attach RNA
□   DNA polymerase II attaches new nucleotides
□   Primer removed, leaves overhang
�Repetitive sequence is able to FOLD OVER itself




-
-  Working with DNA
○ DNA Cloning
�  Useful: 1 gene to work with
�  LONG process
�  Extract gene from genome
□   Cut genome up, place it in plasmids (circular DNA)
�  Plasmids contain portion of genome (all are different)
□   Certain gene may give certain property to the bacteria (eg. antibiotic resistance)
□   Grow on selective media, hope the one you want grows
□   Extract, grow lots of it!
○ Restriction Enzymes
�  Identify patterns in DNA; if they recognize a pattern, cleaves it a certain way
□   Blunt-ends, sticky-ends (good for cloning)
�  Seal nicks with ligase, when inserting into plasmid
○ Polymerase chain reaction
�  Get LARGE amounts of gene
�  Need to know the sequence
�  **Controlled replication, amplified!
1.   Denature DNA (single strands) via high heat
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i. ii.

Need primers (primase), placed ahead of sequence
Provide free-floating nucleotides and enzymes (polymerase)
2.   Cycles of increasing, decreasing temperature
i. ii.

Higher --> H-bonds break; introduce primers
Decrease (cool) --> annealing can occur, polymerase can introduce complementary strand
Repeat this!
Transcription
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•   DNA to mRNA, in NUCLEUS!
•   Not entire chromosome is "coding"! But not useless! (intergenic region = non-coding)
○ Not every gene relates to each other on the same chromosome
○ EGF on chromosome 7
•   Gene (2 parts)
○  Regulatory sequence = ahead of gene
�  Controls timing, location, amount of gene expression
�  Where hormones bind
�  Controls activity of transcription
�  Non-coding, not transcribed
○  Coding sequence = determines sequence of a.a. in the protein

•   Prokaryote vs. eukaryote
○ No nucleus vs. nucleus (has to exit!)
○ mRNA is mature mRNA in prokaryotes; eukaryotes, mRNA is immature after transcription (pre-mRNA)
�  Before leaving nucleus, needs RNA MATURATION
○ Beginning transcription

•   Transcribe into RNA instead of using DNA? (even in prokaryotes?)
○ Protect DNA, keep in nucleus; do not want to damage original recipe!
○ Ribosomes in cytosol (RNA can leave nucleus)
○ Allows you to get many mRNA copies/transcripts from the SAME DNA
○ mRNA allows cell to preserve the code, but can quickly make proteins
○ Can transcribe many genes at one time; different portions!

•   Strand
○ Gene, intergenic region, gene, etc.
○ Orientation/production of mRNA should be 5` to 3` (RNA polymerase II reads 3` to 5`, TEMPLATE STRAND!) Other strand is coding strand, same as mRNA transcript!
○ No T in RNA, only U
•   Start transcription: Something interacts in specific area of regulatory sequence (can also stop); protein interacts with DNA
response element; non-specific binding, affinity (matches to proper sequence of nucleotides)
○ Prokaryotes
�  Binding of polymerase subunits (particularly, sigma subunits) to specific areas on RNA (promotor), recruits
RNA polymerase, transcription is initiated
○ Eukaryotes




•   RNA

�  Binding transcription factors (steroids, MAPK and AP -1, PKA), activators, repressors to the promotor
�  Formation of  transcription initiation complex (TFs and protein)
�  RNA polymerase II recruited, start transcription
○
○
○
•   Gene
○

RNA polymerase I = rRNA
RNA polymerase II = mRNA (leads to protein) RNA polymerase III = tRNA

Just before coding sequence= regulatory area
�  Holds a  promotor (holds repetitive sequence TATA box, Transcription initiation complex first recognize this; TATA box binding proteins)
�  Proximal regulatory elements (TFs, repressors) upstream of gene
�  Later upstream,  distal regulatory elements (enhancer) (can bind protein affecting transcription)
•   Transcription
1.   Initiation (differ in pro and eu)
�  TATA box binding protein binds to TATA box
�  Regulatory elements, TF form complex (TIC)
�  RNA polym. 2 comes in w/ TIC
2.   Elongation
�  Split 2 stands via RNA polymerase II; same in pro and eu
�  Begin transcribing only the coding sequence (right at end of regulatory sequence) (+1 = 1 first nucleotide you
transcribe, before that everything is -)
�  Build RNA nucleotides together (60 nucl. / second; no proofreading!)
3.   Termination
�  Prokaryotes
□   2 processes:
�Independent/intrinsic (no external component); sequence directs end of transcription (Gs and Cs,
creates hairpin loop, creates tension to tug of polymerase and separate form DNA
�ATP dependent, uses Rho (Rho-dependent)

�  Eukaryotes

◊  Interacts at end of coding sequence, releases
□   End of coding region, sequence read by polymerase, transcribed, but is a signal sequence!
□   Tells RNA polymerase that it's nearing the end of the sequence
□   Will recruit polyA polymerase, add series of nucleotides (A) at 3` end = POLY-A TAIL!
�Needed to mature and leave nucleus (via nuclear pores)!
�If no tail, nucleases can digest pre-messenger RNA
□    Exon = coding; intron = non-coding (on mRNA) --> good b/c single piece of DNA, can have different mature RNA!; maximize number of products from DNA strand
�Exons correspond to protein domains! (catalytic, in membrane, etc.)
�Maturation = have to get rid of introns via SPLICING
◊  Proteases (cleave RNA) at specific sequences b/w exons and introns via short, complimentary strands in order to recognize
◊   SPLICEOSOME
` snRNPs = small nuclear ribonuclear proteins (recognize ends of introns! Both sides!)
` Recognize ends of introns, catalyze their cleavage
` Ends of exons fuse together via proteins
�Also need 5`-cap (7 G molecules) (while transcribing)
◊  Need for ribosomal binding~
•   Differences in splicing (don't need all exons)
○ Family of proteins = one gene, different isoforms
○ Many types of spliceosomes, look for different sequences; can cut out exons too!
�  Eg. Alternative splicing of tropomyosin (types of muscle)
•   Regulation of gene expression
○ In prokaryotes:
�  Operons (control transcription, on/off); includes genes under control, promotor & operator region (OR closer to gene)
�  Eg. Lactose digestion (need enzymes like beta-galactosidase, permease, etc.)
□   No lactose, no need for these enzymes to be produced
□   Repressor protein produced by regulatory gene, upstream of the operon
□   Lac repressor binds to operator region; blocks RNA polymerase II from continuing on (can fall off
occasionally, allowing some transcription)
□   Displaced by presence of lactose (carbohydrate, needs membrane transporter)
□   Beta-galactosidase + lactose = allolactose
□   Allolactose binds to repressor; repressor leaves operator region
□   Transcription can occur!
Transcription can occur!


○ Eukaryotes:
�  Activators and repressors (proteins) control WHICH genes expression, RATE occurs (bind to enhancer region)
□   Eg. shut off transcription in one type of cell
□   Combination!
•   Choose which proteins get translated:
1.   Molecular traps (remove polyA tail, mark it, etc.)
2.    Short interfering RNAs (siRNA)
i.   In nucleus, look for complimentary sequences, bind, send to NUCLEASES
3.   Micro RNAS (miRNA)
i. ii. iii. iv. v. vi.

For time sensitive expression!
RNA folded over itself, forms hairpin structure, leaves nucleus
Enzyme (DICER), removes loop = double stranded RNA!
PROTEIN COMPLEX binds to the RNA; enzyme degrades one of RNA strands = single stranded RNA
Forms miRNA-induced silencing complex (miRISC)
Binds to mature mRNA that have complimentary sequence




•   Transposons

1)   If perfect = mRNA directed to degradation
2)   If imperfect = mRNA is stopped, not translated (time-regulation!)
3)   Can be dislodged, other proteins translated
○ Portions of DNA that move/are excised from one location on genome to another
○ Retrotransposons = need reverse transcriptase to get RNA to DNA, then transpose
�  No proofreading, errors/mutations occur
�  Retroviruses (eg. HIV)




○ Need:

□   Viral RNA > own reverse transcriptase makes RNA-DNA hybrid, then cell's DNA polymerase add complimentary DNA strand
□   Integrase puts it into host's genome; can replicate
�  Enzyme to cut gap in next portion
�  Ligase-enzyme to attach segment
○ If in exon, gene will be translated, different end protein; evolution! Or cancer...; silence it or mutate it; antibiotic resistance
○ 50% of our genome
○ Alu transposon (15% of genome; evolution of primates to humans); associated with diseases
•   For translation, need:
○ Mature mRNA, Exit nucleus, Meet ribosome (rRNA), tRNA and amino acids
Translation
Thursday, April 16, 2015        1:10 PM

•   Ribosome reads mRNA 5` to 3` (starts at G-cap)
•   Reading 3 nucleotides at a time = CODON
○ 64 possibilities, 3 stop codons
○ Start codon = AUG (Met)
○ Code is redundant; synonyms for protein
○ Protein must be delivered to where it works (unless it is needed in cytosol)
•   Oscillation/Wobble Effect
○ First 2 nucleotides are the same, third nucleotide is different, but codes for same a.a.
•   tRNA (Transfer)
○ Carry a.a. at 3` end, recognize mRNA codon at  anticodon region (complimentary)
○ Only need 45 different tRNAs! (thanks to oscillation)
○ 20 enzymes to bind a.a. to tRNA covalently w/ ATP (via aminoacyl-tRNA synthetase); for EACH a.a.
1.   ATP and a.a bind to enzyme; joins a.a. to AMP, releases 2 phosphates
2.   Correct tRNA binds to enzyme
3.   Enzyme binds a.a to tRNA (via C-terminus and 3` end), releasing AMP
4.   Aminoacyl-tRNA leaves enzyme
•   Starting translation: secure mRNA to ribosome via 5` G-cap
•   Ribosome
○ 2 protein subunits: 30S and 50S (small 30S secures mRNA, then large comes in)
○ Recruit tRNA, catalyze peptide-bond formation





A-site = tRNA arrives with a.a. P-site= peptide bond formed
E-site = exit of polypeptide










1.   Initiation

-  Separate 2 subunits and shift over
-  Transfer peptide bond from tRNA to
the amino acids they carry
-  C-terminus attached to tRNA; N- terminus free
a.   Ribosome built in nucleolus, assembled in cytosol
b.   30S subunit interacts with tRNA carrying methionine (w/ GTP!) at P-site (allows new tRNA to come into A site later)
c.   Complex scans matured mRNA for start codon (match anticodon)
d.   50S subunit binds; GTP is hydrolyzed
2.   Elongation
a.   Elongation initiation factor (recruit tRNAs)
-  On initiator tRNA
b.   Next tRNA enters A-site (recognition of codon)
c.   Peptide bond formed between the two a.a.
-  C-term of Met interacts with N-term of a.a. #2
-  Via peptidyl transferase
-  A.a. chain on tRNA at A-site (empty P-site tRNA)
d.   GTP and other elongation factors; hydrolyze GTP to translocate ribosomal subunits, move tRNAs one position over
one position over
e.   P-site holds chain of a.a.
f.   (only after 3rd a.a. added:) Removal of empty tRNA at E-site
3.   Termination
a.   Reaches stop codon (no tRNA)
b.   Release factor (RF) protein comes into A-site
-  Allows 50S subunit to cleave a.a. off tRNA, freeing the polypeptide in CYTOSOL!
-  Also promotes separation of ribosomal subunits
•   tRNA sent to aminoacyl-tRNA synthetase
•   mRNA can be reused, until broken down

•   Polysomes
○ mRNA can be translated by more than one ribosome at a time!
○ Each ribosome creates a full polypeptide
•   In prokaryotes, transcription and translation can occur simulaneously!

•   Getting proteins to ER and Golgi
○  COTRANSLATION
-  Translocation = getting protein across ER membrane
-  Occurs during translation
○ Steps:
1.   Translation begins
2.   Signal recognition particle (SRP)
a)   Attach to signal peptide (on growing polypeptide), pauses translation!
b)   Guides complex to ER membrane. SRP binds to SRP receptor (ensures ribosome is lined up with pore (translocating protein complex). This structure contains signal peptidase.
3.   Polypeptide enters rough ER lumen, binds to signal peptidase; translocating protein binds to
N-term of peptide, ensuring growth in lumen
4.   Before termination, signal peptidase cleaves signal peptide off of the protein
5.   Peptide is inside lumen of ER
○ Secretory proteins reside in the lumen
○ In ER, peptide gets tertiary structure, chemical mods (add functional groups), target to parts of the cell
�  Golgi > vesicles travel via cytoskeleton & motor proteins
�  Last cisterna of Golgi = sorting based on modification (functional groups) of proteins
�  Modifications: important for folding, function
□   Glycosylation = add sugar to amino acid side chain
□   Acetylation = add acetyl group to N-term
□   Disulfide bond
□   Lipidation = add lipids
□   Ubiquination = adds ubiquitin; target for degradation
○ Transmembrane protein production:
�  Signal sequence AND stop-sequence in polypeptide chain (stops import)
�  Translocating protein releases TM protein; polypeptide is "stuck" in ER membrane
□   Will bud off ER in a vesicle > Golgi > plasma membrane

•   Chaperones
○ Protect growing polypeptides
○ Always used!
1.   Small chaperone proteins
-  Interact directly, protect protein
2.   Large chaperone protein complexes
-  "Barrel", engulfs polypeptide
Protect, place polypeptide in favourable environment
-  Protect, place polypeptide in favourable environment
-  Contribute to tertiary structure folding!
•   Golgi Apparatus
○ Organizing secretion/release of vesicles
A)   Constitutive secretory pathway
-  As soon as maturation completed in Golgi, packaged in vesicle, released at PM
B)   Regulated secretory pathway
-  Holds proteins in vesicle until trigger (CALCIUM) is present; then, will fuse with PM and release contents
-  Eg. acetylcholine, insulin
-  To release swiftly, vesicles held CLOSE to membrane = DOCKING

•   Mutations (Point mutations = change to single nucleotide pair on complimentary strands)
○ Missense mutation
�  = change in nucleotide sequence, leads to change in codon, resulting a.a.
�  Can change protein's shape, function; eg. sickle-cell anemia (hemoglobin change polar to non-
polar a.a.)
○ Nonsense
�
�
○ Silent
�

= change codon to STOP CODON (interrupts translation prematurely) Big impact if early on in coding sequence

New codon codes for same amino acid (b/c of wobble effect); no change to protein
○ Frameshift
�  Insertion/deletion of a single nucleotide
�  Shift reading frame onwards from that change
�  Results in a completely different protein translated!
Cell Cycle Regulation
Thursday, April 16, 2015        1:10 PM

•   Cell Cycles
○ Interphase
�  G1 = cell growth (membrane, mitochondria, protein, ATP)
□   Messages from growth factors!
�  (optional: G0 phase = extra time to repair cell, grow, wait)
�  S = DNA replication
�  G2 = Cell prepares
○ Mitosis (M-phase)
�  Prophase
�  Metaphase
�  Anaphase
�  Telophase
○ MOST IMPORTANT STEP to check = metaphase; chromosomes attached via spindle fibres
(microtubules); ensure division is even
○ To check, use proteins, enzymes (concentrations) in different stages to see if can move forward
•   3 checkpoints (look for molecular signals)
1.   G1 restriction point (G1/S)
i. ii.

Need healthy, large cell (environment favourable?) Influenced by  GF (NGF, EGF), nutrients, DNA damage









•   Initiates transcription factors!
•   Act as on/off
switches for transcription of a specific gene
•   Eg. CYCLINS; [ ]
is key in moving cell through the cell cycle





2.   G2/M checkpoint
i. ii.

Cells finished replicating DNA
Influenced by cell size, DNA damage & replication
3.   M-phase checkpoint (metaphase-anaphase)
i.   Influenced by  chromosome attachment to spindle

•   Cyclin and Cdk (cyclin dependent kinases)
○ Cdk = kinases dependent upon cyclins to become activated
○ Levels of Cdks and cyclin rise and fall during cycle
�  G1/S cyclins = bind Cdk near end of G1, lead to DNA replication
�  S-cyclins = " during S-phase, needed for DNA replication
○ Levels of Cdks and cyclin rise and fall during cycle
�  G1/S cyclins = bind Cdk near end of G1, lead to DNA replication
�  S-cyclins = " during S-phase, needed for DNA replication
�  M-cyclins = promote events of mitosis
�  G1-cyclins = (most cells) promote passage through restriction point (late G1)


•
1.
2.
3.
4.
5.
6.

7.
8.
9.
10.
11.
12.
13.

Molecular checkpoints
Cell getting ready to divide (receives signal, GF, etc.; Tyr-K receptors) End of signaling cascade = transcription factors (MAPK)
Make sure enough cyclin is made (specific type too!)
G1/S Cyclin + Cdk2 = complex
Cell growing, preparing to replicate DNA (S phase)
G1/S checkpoint: check for larger membrane, supplies (enzymes for replication, etc.). If enough, pass the checkpoint
Degrade G1/S cyclin, [ ] falls (keep Cdk2 for next complex w/ S-cyclin to complete S phase)
Replication of DNA
S-cyclin degraded, Cdk2 remains in wait for next cycle
G2 = increase in organelles, duplicate centrioles
When mitosis is ready to begin, use Cdk1 and M-cyclin to progress though G2/M checkpoint
Begin mitosis, degrade M-cyclin
M-phase checkpoint: chromosomes lined up at metaphase plate w/ spindle fibres attached (if division needs to be stopped, it is here!); ensures chromosomes are duplicated, evenly distributed
-  Must ensure attachment of chromosome to kinetochore to continue



•   G0 phase
-  Able to correct mistakes in G1, cell can grow more
-  Repair DNA = nuclear excision repair
-  If unable to repair/catch up, start APOPTOSIS!
-  Protein involved, p53
�  Responsible for getting cell to G0, allows return to G1 or triggers apoptosis
□   Dephosphorylates Bad
□   Recruits Apaf-1
�  Also, triggers miRNAs = delay in translation!
•   Mitotic spindle
-  Chromosomes attached to kinetochores; anaphase separates the two chromatids
�  Separate via motor proteins (dynein) bound to kinetochore and microtubule
�  Automatically breaks the bond b/w subunits; spindle disassembles
�  Uneven splitting = nondisjunction
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