Ch. 3 - Cell Theory
Cells – basic units of life (smallest life possible is a cell)


Cell Theory

1. Cell = basic structural unit of life; cell properties = life properties

2. Organismal A&P depends on cell A&P
3. Cell activity/function is dependent on cell structure

4. Life continues from gen. to gen. bc of cellular activity
Cell Structure

Human Cell Structure
3 parts:


Plasma Membrane – delicate, partially permeable cell “skin”





Cytoplasm – intracellular fluid packed with organelles (cell “organs”)



Nucleus – controls cell activities (and therefore organism)


Draw:
Plasma Membrane (aka Cell Membrane)

Function 

Separates intracellular and extracellular fluid, determines what gets in and out

Structure

The Fluid Mosaic Model says: The plasma membrane is a thin, fluid lipid bilayer w/ proteins floating in it.
Draw and label: 
phospholipid bilayer w/ hydrophilic and hydrophobic ends and kinked (unsaturated) tails, glycolipid/cholesterol stabilizers, 
integral and transmembrane proteins for in/out transport, catalysis, cell/cell recognition, signal reception, joining of cells
peripheral proteins for support, mechanics, etc.

glycoproteins and glycolipids which anchor sugars of the glycocalyx

glycocalyx for recognition btwn cells

don’t draw: lipid rafts – make up ~20% of membrane, made of sphingolipids, assumed to be 

platforms for cell-signaling
Membrane Junctions – where cells are linked to other cells

Tight junctions – impermeable, almost nothing gets through (ex: intestinal lining)


Desmosomes – anchors cells, but allows movement (ex: skin over muscle)


Gap junction – gateway for small molecules btwn cells (ex: heart)
Cross-Membrane Transport – moving substances in/out of cell, across membrane

Passive transport 

Diffusion



Simple Diffusion (of solutes able to pass through membrane)





Osmosis (of solvents able to pass through membrane)



Facilitated Diffusion (of solutes or solvents not able to pass through membrane)


Active Transport



Primary vs. Secondary Active Transport



Symports vs. Antiports



Vesicular Transport: Endo- vs. Exocytosis

Passive Transport – substances moving in/out WITHOUT cell spending ATP (energy)

Diffusion – tendency of fluids (gasses and liquids) to move from areas of high 

concentration to areas of low concentration (ex: passing gas, perfume, food coloring)


-Called “moving along the concentration gradient”



-Smaller, lighter particles move faster



In the body. . . 

Simple Diffusion-Nonpolar and lipid-soluble substances diffuse directly 
      through lipid bilayer (ex: O2, CO2, fat-soluble vitamins)
Facilitated Diffusion – amino acids, glucose, ions, etc. diffuse through channel or carrier proteins; can’t go directly through phospholipid bilayer
Osmosis – diffusion of a solvent (usu. H2O) through a membrane due to different 

       solute conc. on oppos. sides of the membrane
Osmolarity – measure of concentration of a solute in a solution (unit: mM) 
Tonicity – measure of how a solution affects cell volume; based on its osmolarity compared to that of a cell
Effects of Solutions of Varying Tonicity

Hypotonic Solutions
-have lower solute conc. than that inside of cell
Draw:
-cause cell volume to increase; may lyse cell
Isotonic Solutions


-have solute conc. equal to that inside cell

-allow cell to remain same size; equal flow of H20 in and out

Hypertonic Solutions
-have higher solute conc. than that inside of cell
Draw:
- cause cell volume to decrease; crenates cell
Active Transport 
– cell HAS to spend ATP (energy) to transport materials in/out; 

-- requires carrier proteins
--allows movement of substances against concentration gradient
Primary active transport – substances are moved directly by a carrier protein which has been phosphorylated (primed) by a hydrolysed ATP
Secondary Active transport – substances diffuse as a result of a concentration gradient formed by primary active transport

Symport – 2 substances move together in one drxn across membrane (in or out) ex: Na+ drags glucose with it into cell (slowly)
Antiport – 2 substances move in oppos. drxns across membrane (in and out)

Membrane Potential - “voltage across a membrane”

Resting Membrane Potential – point where Na+ and K+ inflow is balanced by Na+ and K+ outflow; ranges from -50mV to -100mV, indicating that inside of cell is neg; created mainly by secondary active transport (fac. diffusion) and maintained by primary active transport of Na+ and K+ ions and differential permeability of the membrane to the two ions

Draw:  How Primary and Secondary Active Transport of Na+ and K+ establish and maintain the resting membrane potential:
1. The Na+K+ pump (an antiport) is actively transporting 3Na+ out for every 2K+ in.  

2. There’s 10x more Na+ than K+ in extracellular space, vice versa on inside of cell.
2. Chem. gradient pushes K+ out through secondary active transport (aka facilitated diffusion), creating a small neg. charge (potential) along inside of membrane as it leaves.

3. Resultant electrical gradient pulls some K+ back in slowly (-90mV is the charge along the inside of the membrane when rate of K+ in = K+ out).

5. Chemical AND electrical gradients pull Na+ in (slowly) through facilitated diffusion, bringing membrane potential to -70mV; would eventually bring it to zero but. . .  

6. The Na+K+ pump (an antiport) is actively transporting 3Na+ out for every 2K+ in, pumping as fast as it needs to to keep very little Na+ in the cell.
Vesicular Transport
-Transport of large particles across plasma membrane inside of vesicles (basically “bubbles”)

Exocytosis – moves substances from cell interior to extracellular space


Endocytosis – enables large particles and macromolecules to move into cell

Types of Endo- and Exocytosis

Transcytosis – substances move into, across, and out of cell (ex: cells in intestinal lining)

Vesicular Trafficking – substances move from one part of cell to another (ex: ER to Golgi Body)

Phagocytosis – pseudopods engulf solids and bring into cell interior (ex: white blood cells, amoebas)
Fluid-Phase Endocytosis (Pinocytosis) – plasma membrane infolds to “gulp” extracellular fluid

Receptor-mediated endocytosis – clathrin-coated pits facilitate many instances of endo- and transcytosis by attracting and assisting in infolding (non-clathrin-coated pits are called caveolae)
CAMs (Cell Adhesion Molecules)

-anchor cells (to extracellular matrix)
-assist in movement (of cells past one another)
-rally protective white blood cells to injured areas

Roles of Protein Membrane Receptors

-Contact signaling: sensing cell/cell contact; important in normal development and immunity
-Electrical Signaling: sensing change in charge; ex: opens/closes voltage-regulated protein “gates” in nerve, muscle tissue

-chemical signaling: sensing chemical change; neurotransmitters bind to chemically-gated ion channels in nerve, muscle cells
-special chemical receptors: G protein-linked receptors

It’s a relay race! See p. 82 in your textbook. Basically: 1) An extracellular ligand (a chemical “first messenger”) binds to a specific plasma receptor protein, 2) the receptor activates a G protein, 3) the G protein relays the message to an effector protein, 4) the effector protein (an enzyme) activates a 2⁰ messenger chemical in the cell, 5) the 2⁰ messenger activates other enzymes or ion channels, thereby 6) changing cell function, which changes body functions.

Cytoplasm
- cytoplasm: all material between plasma membrane and the nucleus

- cytosol: mostly H2O w/ dissolved proteins, salts, sugars, and other solutes; intracellular “broth”
- cytoplasmic organelles: metabolic machinery of the cell; intracellular “organs”

- inclusions: undissolved chemicals in cytosol: glycosomes, glycogen granules, pigment

Cytoplasmic Organelles
-specialized cellular compartments
Membranous: mitochondria, peroxisomes, lysosomes, endoplasmic reticulum, Golgi Apparatus
Nonmembranous: ribosomes, centrioles, cytoskeleton (microtubules, microfilaments, intermediate filaments)

Nucleus

-the “gene-containing control center” of the cell; directs inheritance, growth, and development

-includes the nuclear envelope/nuclear membrane, nucleolus, chromatin, and a few other distinct compartments rich in certain protein sets

Nuclear Envelope – selectively permeable double membrane; encloses nucleoplasm; outer membrane is contiguous w/ rough ER (is studded w/ ribosomes); inner membrane made of lamina and so holds nucleus’ shape; has many pores which let substances in and out

Nucleoli – dark-staining spherical bodies in nucleus; sites of ribosome manufacture

Chromatin – made of condensed DNA coiled around histones; form into x-shaped chromosomes when cell is getting ready to divide so that they can be easily divided.
	Organelle
	We draw it like:
	Nickname
	Function(s)

	Nucleus (non-cytoplasmic)
	
	“control center”
	Stores DNA in the form of chromatin, site of DNA replication

	Nucleolus
	
	“ribosome factory”
	Assembles ribosomal subunits

	Chromatin
	
	“gene library”
	Stores genetic info for reproduction, growth, and development

	Mitochondria
	
	“power plant”
	Turns Glucose into ATP (energy) at a rate of 1 glucose : 38 ATP

	Ribosomes
	
	“protein factory”
	Site of protein synthesis; scaffolding for  tRNA+aa’s to match up with mRNA to build polypeptide chains

	 Peroxisomes
	
	“detoxifier”
	Neutralize free radicals using oxidases and catalases; special vesicle

	Lysosomes
	
	“demolition crew”
	“digest” old and broken cell parts in an acidic environment; special vesicle

	Rough ER (Endoplasmic Reticulum)
	
	“ribosome homes & membrane builders”
	Finishes off protein folding and sugar attachment, sends new-made proteins to Golgi in vesicles, synthesizes phospholipids

	Smooth ER
(Endoplasmic Reticulum)
	
	“catalyzers”
	Involved in many rxns; synthesizes lipids, detoxifies drugs. . . (not v. common in most cells)

	Golgi Apparatus
	
	“postal service”
	Packages and “ships” cell materials to where they need to go in vesicles; generates lysosomes

	Cytoskeleton
	
	Cell skeleton
	Acts as cell’s bones, muscles, and ligaments

	Microtubules

(made o’ tubulin)
	
	“bones”

“railroad tracks”
	Determine cell shape, organelles hang from and move along them

	Microfilaments

(made o’ actin)
	
	“muscles”
	Resist compression, generates contractile forces 

	Intermediate Filaments 
	
	“guy wires”
	Attach to desmosomes to resist pulling forces

	Centrosomes and Centrioles

	
	“cytoskeletal organizers”
	Centrosome: contains pairs of centrioles
Centrioles: organize cytoskeleton during cell division; bases for cilia and flagella


Other terms of interest: endomembrane system, motor molecules, cristae, cisternae, cilia, flagella, nucleoplasm, SRPs, large and small ribosomal subunits, free radicals, histones
DNA Replication (figure on p.97)
Purpose: Replicates DNA so that, when the cell divides, each new cell can have a complete copy of DNA; allows inheritance and cell division. 

Summary: One double-stranded molecule of DNA becomes two double-stranded molecules of DNA, both half-old/half-new. It does this by splitting down the middle and adding new complementary DNA nucleotides on to each old strand. This process takes place in the nucleus of the cell and must take place before cells can divide to make new cells, as it allows each new cell to have one complete copy of the organism’s DNA. 

Process:
1. Original DNA molecule uncoils; helicase unwinds and unzips the double helix
2. “Replication bubble” w/ “replication fork” is formed, replisome complex forms
3. Primase enzymes catalyze attachment of RNA primers to each old “template” strand

4. DNA polymerase builds off RNA primers, matching up new, free-floating DNA nucleotides to their complementary bases and covalently linking them

5. Leading strand is continuously synthesized, lagging strand DNA segments have to be primed each time and attached separately; they’re later linked by DNA ligase
6. Two new DNA molecules are formed (bc both molecules are half-old/half-new, we say that replication is “semiconservative”)

Protein Synthesis (figure on p.104)
Purpose: Allows growth, development, and normal cell functioning by manufacturing proteins, which are the workhorse macromolecules of the cell.

Summary: Genes in DNA are transcribed onto mRNA in the nucleus. mRNA transports sequence out of the nucleus to a ribosome, where the mRNA strand matches up with tRNAs carrying individual amino acids. As mRNA slides through the ribosome like a credit card, new tRNAs attach & their amino acids link together, detaching from the tRNAs. When the mRNA “stop" codon is reached, amino acids detach from the mRNA/ribosome complex completely and begin folding into their 2⁰ and 3⁰ structures (in the rough ER) to become functional proteins.
DNA triplet( mRNA codon( tRNA anticodon+amino acid

TAC ( AUG ( UAC + Tyrosine 
Remember: 2⁰ and 3⁰ protein structure is determined by 1⁰ structure (the order of aa’s), so ONE mistake in transcription or translation can mean a completely non-functional protein.

Processes:

Transcription: transfer of information from sequences of DNA “triplets” to sequences of mRNA codons. Ex: TAC GGC ATC ( AUG CCG UAG 
1. Initiation: RNA polymerase binds to promoter sequence, unzips a tiny section of DNA, and initiates mRNA synthesis on the template strand 

2. Elongation: RNA polymerase unzips and rezips along template strand, matching mRNA nucleotide bases to complementary DNA nucleotide bases U↔A, G↔C.

3. Termination: DNA termination signal sequence stops transcription, freeing polymerase and mRNA, then mRNA is “edited” by spliceosomes and travels out of the nucleus.
Translation:  language of nucleic acids (mRNA base sequence) is translated into language of proteins (amino acid sequence) Ex: AUG CCG UAG ( Methionine-Proline-STOP
1. Leader sequence on mRNA (AUG) attaches to small unit of ribosome

2. Initiator tRNA, charged with methionine, binds to small unit of ribosome

3.  Large unit of ribosome “vices” tRNA and mRNA together and facilitates aa’s covalently linking into polypeptides as mRNA slides along it and attracts new tRNAs
4. Leader sequence on growing amino acid chain attracts an SRP (signal-recognition particle), which chaperones the whole mRNA/ribosome complex to the rough ER

5. Process continues until mRNA “stop” codon (UGA) is reached, then no new tRNA is attached and the mRNA/ribosome/polypeptide complex comes apart
6. Polypeptides begin folding into their 2⁰ and 3⁰ structures (in the rough ER) to become full-fledged, functional proteins

