· Cell Membranes:

· Lipids (bilayer):  asymmetric heterogeneous mixture; structural backbone of biological membranes
· Phospholipids (hydrophobic f.a. tails—pale & hydrophilic heads—dense)
· Glycolipids (sugar-containing)

· Cholesterol (maintain “fluidity”)

· Proteins:  responsible for membrane fxn’s; when glycosylated = glycoprotein
· Integral proteins (IP):

· Partially or fully embedded

· Removal destroys membrane

· Transmembrane:  span membrane; exposed on both surfaces

· Peripheral proteins (PP):  on cytoplasmic side
· Indirectly linked (electrostatic, v.w.f. ( “weak”)

· Often associated with cytoskeleton

· Freeze Fracture:

· E Face (external or extracellular)

· P Face (protoplasmic/cytoplasmic) – more proteins due to “anchoring”

· Functions:

· Pumps—energy requiring (ions, a.a., sugars transport)
· Channel proteins/pores—ligand gated; voltage gated
· Receptors—extracellular ligands bind; transmembrane Δ shape; modify cytoplasmic components = 2o messengers
· Linker Proteins—attach cyto. to extracellular proteins
· Enzymes

· Structural proteins—jxn’s with neighboring cells
· Glycocalyx:

· Extracellular glycolipids & glycoproteins form CHO coat

· Fxn’s: protection; cell-cell interaction; contributes to negative cell surface chrge
· Nucleus

· Separates nuclear transcription DNA(mRNA from cyto. translation mRNA(proteins

· Chromatin—complex of DNA, histones, and other nuclear proteins
· Nucleosomes—smallest units of chromatin structure

· “beads-on-a-string”:  DNA wrapped twice around 8 histones (4 x2)

· Transcriptionally active DNA

· Chromatin Fibril—fifth histone binds and pulls together nucleosomes

· Chromosomes—further condensation; formed during mitosis

· LM (light mircorscope) Interphase Chromatin

· Hemotoxylin (blue-purple = basic dye):  e- dense; stains nuclear structures (RNA/DNA)

· Heterchromatin:  highly condensed chromatin;  transcriptionally inactive (LM = dark; TEM = e- dense)
· Often adjacent nuclear envelope

· Karyosomes:  bodies of heterchom. thru-out nucleus
· Euchromatin:  “stretched out” chromatin; trancriptionally active (beads-on-a-string); prominent in metablolically active cells (LM = pale; TEM = e- lucent)
· Eosin (pink-red = acidic dye):  e- sparse; stains cytoplasmic structures (proteins)
· Nucleolus:  ribosome factory; can contain > 1 per cell
· Fxn:  rRNA transcr. & processing & initial ribosome assembly (rRNA & protein)

· Present in interphase; disappears during mitosis

· Discrete aggregate:  rRNA, rRNA coding genes & nuclear protein coding genes

· NO membrane

· Nucleolar organizing regions (NOR): specific chromosomal sites that form nucleolus following cell division

· LM:  dark/basophilic; TEM mixture:  very e- dense, e- dense & pale (3o of density help to identify).
· Components:  NO QUESTIONS ON THIS
· Pars Granulosa (granular) – ribosome (rRNA & proteins) assembly

· Pars Fibrosa – nucleolar RNA’s being transcribed

· Pale – DNA that is not being transcribed

· Nuclear Envelope:  lipid-bilayer (t/f 4 layers of lipid)
· Nuclear lamina:  

· lies b/w nuclear membrane & heterochromatin

· Fxns:  support, nuclear organiz., cell cycle regulation, & differentiation

· Intermediate filaments called nuclear lamins bind heterochromatin

· Inner nuclear membrane—close contact with nuclear lamina

· Perinuclear space—continuous with lumen of ER

· Outer nuclear membrane—continuous with ER; ribosomes associated
· Nuclear Pores:  recognition ( break in heterochromatin
· Fxn:  bidirectional mvmt. of molecules b/w nucleus((cytoplasm

· Where inner & outer membrane meet (continuous)
· Central pore & 8 multi-domain protein subunits in an octagon

· Passage of water soluble, ions, & small molecules

· Large molecules (proteins, mRNAs & ribosomes) use importins & exportins (ATP dependent)

· Endoplasmic Reticulum (ER):
· Smooth ER (sER):
· TEM:  smooth-surfaced circular, oblong, or irregularly shaped structures
· Cells active in lipid metabolism (cholesterol) & t/f steroid-secreting cells
· Cytochrome P450 enzymes convert lipid soluble (H2O insoluble) (H2O soluble (so that toxins may be eliminated in urine)
· Sarcoplasmic Reticulum = skeletal & cardiac sER (fxn = Ca2+ reservoir)
· Rough ER (rER):
· Major fxn = protein synthesis (translation)
· Destinations:  ER (N-term KDEL), golgi (membrane span α-helix), lysosomes (M-6-P), plasma membrane (constitutive), secretory vesicles (Ca2+; regulated)
· Targeting mRNA to rER for translation:
· Signal Peptide = amino-terminal a.a. sequence used for “targeting”
· Signal Recognition Particle (SRP) = recognizes/binds signal peptide & also the ribosome; brings them together; this temporarily stops translation & directs ribosomes to rER
· SRP binds SRP receptor (docking protein)

· Ribosome binds ribosome receptor protein
·  A pore forms in the rER to allow the protein to enter
· SRP detaches and translation begins again
· Signal peptidases cleave the signal peptide
· Modification: glycosylation, disulfide bonds, folding, subunit assembly
· Polysomes:
· Free ribosomes (cytoplasmic)
· Major fxn = protein synthesis (translation)
· Destinations:  Cytosol (default), mitochondria (N-term α-helix), peroxisomes (C-term tripeptide) & nucleus (import signal)
· LM:  Clustered in “C” shape; differentiate from inclusions (glycogen) = very dark circles
· No signal sequence ( default ( polysomes (cytosol) ( see figure on p. 14 of notes.
· Golgi Apparatus:  modification,  sorting, & packaging
· Bow-tie shape: Cis (convex twrd nucleus), medial, trans, & trans golgi network (concave); each is biologically distinct (processes take place in different regions b/c different enzymes)
· Smooth (no ribosomes)
· Coating Proteins for Targeting:
· COP I  = retrograde:  Trans ( Cis (NO questions on COP I)
· COP II = anterograde:  rER ( Golgi
·      ?     = Golgi ( rER (not given in class or notes)
· Post-translational modifications:  N-linked oligosaccharide remodeling, glycosylation, M-6-P formation, sulfation 
· Sorting:

· Clathrin coat = secretory granules
· Clathrin coat + M-6-P = lysosome

· Non-Clathrin coat = non-regulated, constitutive (see below)

· Exocytosis:

· All exocytosed secretory vesicles (secretory granules) pass thru Golgi
· Constitutive Secretory Pathway–continuously modified & released to PM
· Regulated Secretory Pathway–temporarily stored in secretory vesicles in cytopl.
· Hormonal/neural stimulation causes Ca2+ influx ( vesicle fuses w/PM

· T-snare (Target (i.e. constitutive); V-snare ( Vesicle (i.e. regulated)

· Lysosome 
· Definition:  membrane-bound structures that contain acid hydrolases and have an internal pH of 5.0 or less.

· Function:  
· Degradation of polyCHO’s, proteins, lipids, D/RNAs, aged organelles, etc
· Methods:
· Autophagy:  nonfxn’l organelles surrounded by sER = autophagosome which fuses w/lysosomes
· Phagocytosis:  larger particles (bacterium) engulfed/surrounded by PM = phagosome which fuses w/lysosomes = phagolysosome
· Targeting:  cytosolic proteins w/lysosomal targeting signal
· Endocytosis (pinocytosis):  uptake of fluid & molecules from the xtracellular space; occurs in all cells
· Fluid-phase = clathrin-independent (t/f smooth-surfaced =constitutive =unregulated = non-specific
· Receptor-mediated=clathrin-dependent=selective

· Cargo proteins/ligands bind to cargo receptors
· [ ]’d to clathrin pits; budding=clathrin-coated vesicles

· vesicles lose coat & processed thru 4 possible pthwys

· receptor recycled/ligand degraded; both recycled; both degraded; both transported thru cell
· Formation:  Clathrin coat + M-6-P = lysosome targeting
· Acid hydrolases produced in rER(in Golgi modified w/M-6-P exposed
· Exposed M-6-Ps bind TGN M-6-P receptor, segregating to clathrin coated TGN

· Clathrin coated vesicle buds off & clathrin is removed

· Acid hydrolases bind to early/late endosomes (pH = 6.5/5.5)

· H+  pumps transport H+ into organelle to produce/maintain low pH

· In late endosomes (pH ~ 5.5), acid hydrolases dissociate from M-6-P receptors & mannose becomes dephosphorylated
· Acid hydrolases (e.g. proteases, nucleases, lipases, glycosidases, etc.) optimal pH = 5.0 = mature lysosome 
· Lysosomal Recognition:
· Will not have to identify an inactive lysosome; Active = diff’t e- densities

· Diff’t from sER—look for “pinching off near the surface of a PM

· Exposed M-6-Ps bind

· Peroxisomes (won’t have to identify
· Oxidation Rxn’s:      2 H2O2 ----------> 2 H2O + O2
· High [Catalase] ( decomposes H202 to H20  or uses H202 to oxidize other organic cmpds (e.g. uric acid, a.a.’s, & f.a.’s)

· Polysomes synthesize peroxisomal proteins w/import signal to target to peroxisomes

· Growth & division (fission) in response to environmental/developmental signals

· De Novo formation – controversial

· Clinical:  Zellwager Syndrome—unable to import enzymes (peroxisomes nonfxn’l)

· Mitochondria (Mt):
· Lipid bilayer; ellipsoid-shaped (like a hot dog)

· Abundant in energy-requiring cells (skeletal & cardiac mm.)

· Maternal inheritance = 100%

· Outer Mitochondrial Membrane (OMM):  aqueous channels (integral protein, porin; regulate passage of proteins; smooth-surfaced
· Intermembrane space

· Inner Mitochondrial Membrane (IMM)

· Infoldings = cristea; are shelf-like or tubulovesicular (steroid-producing cells); liver mt = shelf-like sparse cristea
· Protein cardiolipin:  decreases permeability to small ions

· Matrix:  Kreb’s Cycle proteins & granules (binding sites for Ca2+)
· Mt. Genome:  several copies of sm. Circular DNA( produce own RNA & proteins; h/w most proteins produced by polysomes and targeted to mt.

· Can divide

· Cytoskeleton:  
· Function:  cell shape maintenance, cell polarity regulation, mitosis involvement, cell structure mvmt., necessary for mm. contraction
· Network of 3 protein families:
· Microfilaments (μfilaments):  actin (cell cortex, μvilli, striated mm.)
· Intermediate Filaments:
· Keratins—epithelial cells
· Neurofilaments—nerve cells
· Lamins—nuclear lamina; phosphorylation = solubilization/disassembly of nuclear lamina during mitosis; dephosphorylation = reformation
· Vimentin-related
· Vimentin—fibroblasts & endothelial cells
· Desmin—muscle cells
· Glial fibrillary acidic protein (GFAP)—glial cells (astrocytes)
· Microtubules (μT’s):  tubulin dimers (α + β) w/polarity
· Interphase cells:  μT Organizing Center (M-TOC) or centrosome:
· Centrioles
· Pair μT structures (9 triplets) @ rt. / ‘s; near nucleus
· Minus ends assoc. w/MTOC; Plus ends w/cytoplasm
· Stabilized via μT associated proteins (MAPS)
· Pericentriolar material
· Mitosis:  mitotic spindle formation & chromosome mvmt
· Cilia:
· Axonene = 9+2 pairs; interaxns b/w assoc. proteins = mvmt 
· Basal body = MTOC (9 triplets) = cytoplasmic anchor
· Cytoplasmic Organelle mvmt:
· “Motor” proteins bind μT’s & organelles/membrane vesicles
· Dynein: twrd -end of μT/cell body of nn (retrograde)
· Kinesin: twrd +end of μT/axon of nn (anterograde)
· NO questions from Wheater on this (Crossland later)
· Inclusions:  LM = very dark spots (differentiate b/w polysomes which are light and “c”-shaped)
· NOT organelles but rather, “structures”; NOT a part of all cells; may or may not have a membrane
· Glycogen—storage form of glucose
· Lipids—storage form of triglycerides
· Pigments—melanin & lipofuscin (yllw-brown pigment as in long-lived cells i.e. neurons)
· Crystals—not common
· Mitosis:  process ( two identical daughter cells
· Prophase:  chrsms condense = sister chromatids; nucleolus disappears; centrioles duplicated/migrate to opposite ends; μT’s(mitotic spindles
· Prometaphase:  nuclear envelope disrupted; μT’s associate w/kinetochores
· Metaphase:  Chrsms align at center of mitotic spindles
· Anaphase:  Sister chromatids separate/migrate opposite ends; cleavage furrow develops
· Telophase:  μT’s dissociate; nuclear mem. reforms; chrsms decondense; nucleoli reforms
· Cytokinesis:  cytoplasm division via contractile ring/cleavage furrow
· Apoptosis:  orderly removal of cells (programmed cell death)—don’t need to I.D.
· Timing:  development (webbing b/w fingers), virally induced, neurodegenerative diseases
· Initiation:  
· Divalent cations:  sustained increases in intracellular Ca2+
· PM changes:  loss of sailic acids as terminal sugar on glycoprotein & glycolipid
· Signal transduction pathways:
· Ligands bind cell surface receptors(Ca2+ release(apoptosis
· Loss of cell adhesion to extracellular matrix(Ca2+ release(apoptosis
· Morphological features:
· DNA fragments into chromatin bodies
· PM blebbing
· Cell fragmentation into apoptotic bodies & then phagocytized
· Histological features:
· Round cell; pyknotic (condensed chromatin & nuclear shrinkage)
· Necrosis:  non-reversible, pathological, passive cell death
· Causes:  Lack of oxygen and/or nutrients due to:
· Hypoxia
· Hypothermia
· Radiation
· Low pH
· Cell trauma
· Characteristics:
· Extensive cell damage & an inflammatory response
· PM damage
· Rapid swelling
· Cell Lysis
· Histologically:
· Pyknosis—condensation of chromatin & shrinkage of the nucleus
· Karyorrhexis—fragmentation of the nucleus
· Karyolyis—dissolution of the nucleus
Catalase











