Cells

I. Cell Structure and Function


A. Cell Theory 



1. A cell is the basic structural and functional unit of living organisms



2. All cells come from pre-existing cells 



3. The activity of an organism depends on both the individual and the collective 


   activities of its cells




A) Principle of Complementarity – the biochemical activities of cells are dictated 



   by their specific subcellular structures



4. Most cells are capable of self-reproduction


B. Typical cells are made of three main parts:



1. Cell (plasma) membrane



2. Nucleus



3. Cytoplasm and cytoplasmic organelles


C. Cell Membrane



1. A flexible, selectively permeable membrane that defines the extent of a cell by 


   separating intracellular fluid (ICF) from the extracellular fluid (ECF)



2. The Fluid Mosaic Model – 1972




A) Composed of a phospholipid bilayer





1) Hydrophilic heads face outward




2) Hydrophobic tails face inward





a) creates a hydrophobic core that gives the membrane selective 






   permeability




3) Two layers are moveable (fluid)




B) The plasma membrane contains many embedded structures





1) Proteins:






a) Transmembrane proteins – proteins that typically extend all the way 





   across the membrane and play a role in many functions







i) Transport proteins








(a) Channels, pores, carriers, and pumps







ii) Enzymes






iii) Receptors






iv) Intercellular junctions







v) Cell-cell recognition






b) Surface (peripheral) proteins – proteins that are attached to either side of 





   the membrane and are mostly involved with:







i) Acting as enzymes & receptors






ii) Attaching to the cytoskeleton for movement and support







iii) Aid in changing the shape of the cell




2) Cholesterol & Steroids – lipid structures that help to stabilize the membrane





a) Necessary due to the lack of a cell wall


3. Associated Structures



A) Microvilli (“little shaggy hairs”) – finger-like projections that increase the 



   surface area of the plasma membrane




B) Membrane junctions





1) Tight junctions – membrane proteins fuse the two adjacent cell membranes 




   together






a) Prevent the movement of substances between cells





2) Desmosomes – anchoring junctions that are associated with protein filaments






a) Provide strength





3) Gap junctions – membrane proteins form channels between adjacent cells






a) Allow impulse transmission between cells


D. Nucleus



1. The nucleus is the control center of the cell that also contains DNA in the form of 


   chromatin/chromosomes



A) Chromatin – relaxed DNA; not visible




B) Chromosomes – condensed DNA; visible during mitosis/meiosis


2. The nucleus is bound by a dual-walled nuclear envelope that possesses many 


   nuclear pores



3. Within the nucleus is a jelly-like fluid called the nucleoplasm


4. Nucleoli – are darkly staining areas within the nucleus that indicate RNA 


   synthesis/storage


E. Cytoplasm and Cytoplasmic Organelles



1. Cytoplasm (a.k.a. cytosol) – is the viscous semitransparent fluid in which the other 


   cytoplasmic elements are suspended



2. Organelles – specialized cellular compartments




A) Mitochondria – site of cellular respiration and ATP production; often called the 



   “powerhouse”




B) Ribosomes – used for protein synthesis




1) Composed of two subunits






a) Small subunit – holds mRNA during translation






b) Large subunit – composed of 2 functional sites






i) A-site – where tRNA brings the amino acids 







ii) P-site – site of peptide bond formation; also holds the developing 






   protein



C) Endoplasmic Reticulum – extensive system of interconnected fluid-filled tubes 



   that are continuous with the nuclear membrane





1) Rough ER – studded with ribosomes; responsible for protein production 





2) Smooth ER – no ribosomes; responsible for lipid synthesis




D) Golgi apparatus – series of membranous sacs (cisternae); responsible for the 



   processing & packaging of metabolic products




E) Vesicle – membrane-bound sac containing cellular products





1) Lysosomes – a vesicle containing digestive enzymes for intracellular 




   digestion 



F) Cytoskeleton – series of microtubules and microfilaments extending from 



   nuclear envelope to cell membrane





1) Reinforce, organize, and move internal cell parts





2) Function in cell motility





3) Involved in mitosis/meiosis




G) Centrioles – specialized arrangements of the cytoskeleton that arrange 



   mitotic/meiotic spindles




H) Cilia – short hair-like appendages




I) Flagella – long, whip-like appendage

II. Cellular Transport


A. Passive processes – do not require energy 



1. Simple diffusion – the movement of solutes through a semi-permeable membrane 


   from an area of high solute concentration to an area of lower solute concentration




A) Only lipid-soluble substances can diffuse directly through the membrane



B) 
Water-soluble substances require a channel or pore to move across the 



   
   membrane


2. Facilitated diffusion – some molecules are too big to fit through the spaces between 


   the phospholipids and therefore require a carrier to ferry them across



3. Osmosis – the diffusion of water




A) Usually moves through aquaporins in membrane




B) Osmosis is based on the tonicity of the solution surrounding the cell (ECF)





1) Tonicity – concentration of impermeable solute in a solvent






a) Isotonic – same solute concentration in the ECF as in the ICF





b) Hypertonic – higher solute concentration in the ECF than in the ICF 






c) Hypotonic – lower solute concentration in the ECF than in the ICF


4. Filtration (bulk flow) – movement of a large number of substances dissolved in a 


   medium (water or air)




A) Requires a pressure gradient 


B. Active processes – require energy



1. Active transport – uses energy to move substances against the concentration 


   gradient




A) 2 types





1) Primary active transport






a) Uses an ATP-driven pump to move substances







i) Ex. Na-K pump





2) Secondary active transport






a) Uses energy from the passive movement (usually facilitated diffusion) of 





   one substance (usually Na+) to move other substances





b) Both substances may move in the same direction (co-transport) or 






   opposite directions (counter-transport)






i) Ex. glucose transporters in digestive tract


2. Vesicular transport – uses energy to transport large particles, macromolecules, and 



   fluids within membrane-bound vesicles




A) Exocytosis – moves substances out of the cell within membrane-bound vesicles



B) Endocytosis – moves substances into the cell within membrane-bound vesicles




1) Phagocytosis – “cell eating”





2) Pinocytosis – “cell drinking”





3) Receptor-mediated endocytosis
III. Cellular Functions


A. Mitosis



1. Process by which a cell divides resulting in 2 identical daughter cells



2. 4 phases




A) Prophase





1) Chromosomes appear





a) There are now actually 2 copies of each chromosome; these are called 






   sister chromatids





2) Nuclear envelope disappears





3) Mitotic spindle forms




B) Metaphase




1) The sister chromatids align along “equator” of the cell




C) Anaphase




1) The sister chromatids are pulled apart; each daughter cell gets 1 copy of the 





   parent chromosome



D) Telophase




1) Chromosomes (now back to single chromosomes in each daughter cell) begin 




   to disappear





2) Nuclear envelope begins to reform





3) Mitotic spindle breaks down 





4) Cytokinesis begins





a) The end result of mitosis is 2 diploid daughter cells


3. Interphase




A) Occurs between rounds of mitosis




B) Time of cell growth and DNA replication


B. Meiosis



1. Process by which haploid gametes (sex cells) are produced



a) Diploid (2n) – full set of chromosomes




b) Haploid (1n) – half set of chromosomes



2. Similar to mitosis except it involves 2 cell divisions instead of 1



3. Meiosis I




A) Prophase I





1) Same as mitosis except crossing-over occurs






a) The exchange of small gene segments between sister chromatids



B) Metaphase I





1) Same as mitosis



C) Anaphase I





1) Chromosome pairs (but not the sister chromatids) separate






a) Since each dividing cell has 2 copies of its genetic material, the daughter 





   cells will each get 2 copies of the same set



D) Telophase I





1) Cytokinesis begins and spindle breaks down but nuclear membrane doesn’t 




   reform and chromosomes don’t disappear





a) The end result of meiosis I is 2 haploid daughter cells


4. Meiosis II




A) Prophase II




1) Very short; spindle reforms




B) Metaphase II





1) Same as mitosis




C) Anaphase II





1) The sister chromatids are separated




D) Telophase II





1) Spindle breaks down




2) Chromosomes disappear & nuclear envelope reforms





3) Cytokinesis begins





a) The end result of meiosis II (and therefore meiosis as a whole) is 4 





   haploid daughter cells

C. DNA replication



1. Tied to base-pairing rules




A) A-T (adenine – thymine)



B) G-C (guanine – cytosine)


2. DNA polymerase “reads” one strand and creates a complementary strand


D. Transcription-Translation



1. Process by which proteins are produced from a DNA template



2. Transcription – occurs in the nucleus



A) Creates a mRNA strand from a DNA template




B) RNA polymerase “reads” the DNA and creates a complementary mRNA strand




1) also tied to base-pairing rules





a) A-U (adenine – uracil)





b) G-C (guanine – cytosine)


3. Translation – occurs in the ribosome



A) Results in an amino acid (protein) strand being produced from a mRNA 



   template





1) mRNA is composed of 3-nucleotide sections known as codons




2) Each codon represents a specific amino acid



B) Process




1) mRNA is held in place by the small subunit




2) A-site of large subunit “reads” the mRNA codon until it reaches the start 





   codon; always AUG




3) tRNA brings in the appropriate amino acid




4) The next codon is “read”





5) tRNA brings in the appropriate amino acid




6) A peptide bond is created between the 2 amino acids at the P-site of large 




   subunit





7) Process continues until a stop codon is reached





a) May be UAA, UAG, or UGA





8) The protein is released from the ribosome for use by the cell
