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Anatomy & Physiology Lecture
Cells:  the Living Units

I.  Overview

A. Overview of the Cellular Basis of Life
B. Plasma Membrane Structure
C. Cytoplasm & Cellular Organelles 

D. Plasma Membrane Transport
E. Cell Growth & Reproduction
II. Overview of the Cellular Basis of Life
A.  ______ are the basic functional units of life, in which metabolism and replication take place

B.  ______________ is the total of all chemical reactions within a cell
1.  _____________ reactions build molecules in cells (e.g.:  protein synthesis)
2.  _____________ reactions break down molecules (e.g.:  cellular respiration)
3.  ______________ for metabolism include:
a.  Cells must have access to nutrients and ___________ and be able to eliminate wastes

b.  A relatively constant internal environment (_____________) must be maintained 
C.  Cellular replication processes include ____________ and meiosis
D.  About ____ cell types in the human differ in size, shape, enzymes, and membrane proteins; these differences determine their functions

1. Cell ________ include squamous (flat), cuboidal, to columnar, spherical, fibrous, etc.

2. Cell _______ vary, but most are very small

a. Cells range from ______ (m in diameter to 1 m long.

b. ________ cells allow for movement of nutrients and wastes better than large cells

E.  Most cells have 3 main __________
1.  Plasma _____________ - semipermeable barrier around the cell

2.  ____________ - everything (including most organelles) between the plasma and nuclear membranes.  The _______ is the gel-like material in which the other cytoplasmic elements are suspended 

3.  ___________ - contains the cell’s genetic material

III. Plasma Membrane Structure
A.  _______ _____________ (plasmalemma):  separates intracellular (internal) contents from the extracellular (external) environment; regulates passage of materials into and out of the cell (_________ ___________).  Described as a fluid mosaic model composed of fluid lipids studded with proteins
1.  _________________ bilayer

a.  _________ (hydrophilic) phosphate heads interact with intracellular and extracellular aqueous environments
b.  __________ (hydrophobic) lipid tails interact with each other in membrane interior
c.  Small ___________ molecules (O2, CO2), H2O, and _______ can move directly through the bilayer.
2.  Membrane _______ determine cell function; different proteins in different cell types.  Types of membrane proteins include
a.  ____________ proteins - mostly glycoproteins embedded in the phospholipids bilayer; these include
1)  _________ - water-filled pores that allow specific solutes, such as ions (e. g.: K+, Cl-, Na+), to cross
2)  ____________ (carriers) - move specific small molecules and ions across via shape changes in the transporter
3)  _____________ - bind a specific substance, such as a hormone or neurotransmitter, needed for cellular function
4)  ___________ - catalysts with an active site that binds specific substrates to speed up chemical reactions
5)  Identity Markers - major histocompatibility complex (______) glycoproteins (and glycolipids) that allow cells to recognize what is “self” and “nonself.”
b.  _____________ proteins - found attached to the inner and outer membrane surface (e. g.:  enzymes, second messengers, motor proteins, cell-adhesion molecules).
3.  Glycolipids & _____________ are also found in membrane
B. Specializations of the Plasma Membrane
1. Cell surface ___________ include microvilli, cilia, and flagella
a. __________ are microscopic extensions of the cell membrane that increase the cell’s surface area (e.g., in small intestine)

b. _________ are short, hair-like protein extensions from the cell membrane that move substances across the cell surface (e.g., in lung passageways)

c. _______________ is a longer, whiplike extension from a cell membrane that moves the cell itself (e.g., on ________).  Both cilia & flagella are cylinders of 9 + 2 microtubules

2. Membrane __________ - cells are attached to other cells and to underlying membranes via junctions:

a. ________ junctions – plasma membranes fuse to form fluid-tight ______ between cells; found in epithelial cells that line the digestive and urinary tracts.

b. _____________ are rivet-like anchoring junctions that fasten cells to each other or to an extracellular material;  found in tissues subjected to friction and ______________ (e.g., skin, heart, uterus, GI tract).

3.  _____ junctions are protein channels between cells that allow ions to flow freely between cardiac muscle cells and between smooth muscle cells.

IV. Cytoplasm & Cellular _____________ - specialized intracellular structures with specific functions.

A.  ___________ (control center) - largest organelle; controls cellular activities and is composed of the following 
1. Enclosed by a porous, double membrane nuclear __________.
2.  Contains hereditary units (genes) in DNA in ______________.
3.  _______________ – a dense structure within the nucleus is composed of proteins, DNA, and RNA.  Function:  ribosome assembly.
B.  _____________ (“clamps” on protein assembly line) – granules of rRNA and proteins; found free in cytoplasm or on ER.  Function: sites of ___________ synthesis 
C.  Endoplasmic Reticulum (___) - (protein and lipid assembly line) network of membrane-enclosed channels (cisternae) continuous with the nuclear envelope.  Two types of ER are:
1.  ________ ER - has ____________ attached.  Functions: ______ synthesis, stores newly formed proteins, glycosylation of some proteins forms glycoproteins, vesicle formation.

2.  _______ ER - no ribosomes attached.  Functions: ___ synthesis (fatty acids, steroids), detoxification of toxins, and Ca2+ release.

D.  _______ Apparatus (packaging and shipping) - stack of flattened, membranous sacs that work with the ER.  Functions: 
1. _________, sort, and deliver proteins and lipids made in the ER to the plasma membrane

2. Form lysosomes and secretory ___________ (membranous sacs)
E.  ____________ (garbage recycler) - membrane enclosed vesicles that contain acidic ___________ enzymes used to digest foreign proteins, and damaged organelles (autophagy) & cells (autolysis)
F.  ______________ (detoxification) -smaller than lysosomes. Contain enzymes that detoxify harmful chemicals (e.g.: alcohol).

G.  _____________ (powerhouse) - has a smooth outer membrane and folded inner membrane (cristae) surrounding an inner matrix.  Function: enzymes in cristae and matrix catalyze reactions of aerobic cellular respiration to form _____ energy.

H.  ______________ (cell infrastructure & movement) - proteins that maintain cell shape and coordinate cellular movement.

1.  ________________ - thin, filamentous proteins (e.g., actin) that support the plasma membrane; also interact with myosin in endocytosis, exocytosis and muscle contraction.

2.  _______________ filaments - medium-sized protein filaments, such as keratin & collagen; strengthen cells.

3.  _____________________ - thick, filamentous proteins made of tubulin.  Function: cellular movement.  Compose centrioles, cilia, flagella.

a.  ___________ - pair of microtubular structures found within a ____________; cylinders composed of nine tubulin triplets (9+0).  Function:  formation of mitotic spindle, cilia, flagella.

b.  _________ & Flagella - both have 9+2 tubulin arrangement.  Cilia function:  movement of particles out of trachea and of ova in fallopian tubes.  Flagella propel _______.

I.  Cell ___________ - non-membrane bound cell products.  Include: glycogen (in glycosomes) stored in liver, uterine, & muscle cells and triglycerides in lipid droplets stored in adipocytes (___ cells).

V. Plasma Membrane Transport
A.  ______________ – movement of water and solutes through a membrane due to ______________ pressure, the force exerted on a membrane by water  (e.g., blood pressure forces solutes from capillaries to tissues)
B.  ___________ Motion – random motion of microscopic particles in a liquid or gas, caused by collisions with surrounding molecules; the reason for diffusion
C.  Simple _______ - movement of particles along their concentration gradient from ______ concentration to _____ concentration across the plasma membrane.  (No ATP required)  Diffusion rate is influenced by
1. ______________ – higher temp. = faster diffusion

2. Molecular Wt. – small particles diffuse ______ than large ones

3. __________ gradient – greater concentration difference = faster diffusion

4. Membrane __________ area – larger surface = faster diffusion

5. Membrane permeability - Small, _________ molecules (O2, CO2) H2O, and _________ can diffuse directly through the phospholipid bilayer 

D. ____________ - diffusion of H2O molecules across a membrane, influenced by the ____________ (ability of a solution to affect the fluid volume & pressure in a cell) of the solutions on both sides of the cell membrane
1. _______tonic solution has a greater concentration of solute (less water) than another solution.  Water diffuses through the membrane _________ the hypertonic solution

2. ____tonic solution has a solute concentration _____ to adjacent solution.  No ___ diffusion of water occurs across the membrane.  (0.9% NaCl normal saline solution is isotonic to human cells)

3. ______tonic solution has a lesser concentration of solute (more water) than another solution.  Water diffuses through the membrane ___________ the hypotonic solution

D. _________ Diffusion - diffusion of molecules (e.g.: glucose, H2O) and ions (e.g.: Na+, Cl-, K+, Ca2+) along their conc. gradient across a membrane via specific protein __________ and transport proteins in the membrane.  No ATP required.

E. ______ Transport - carrier proteins in plasma membrane “pump” molecules or ions into or out of the cell against their concentration gradient (from _____ to _____ concentration).  Requires ____ energy.  (e.g.,  sodium-potassium pump, pumps Na+ out of cell, K+ into cell)

1. Carrier binds a _________ (e.g., Na+)

2. Carrier is ____________ by ATP hydrolysis (ATP ( ADP + Pi

3. Carrier changes conformation (_______)

4. Carrier releases _______ to other side of membrane, releases Pi, and returns to original conformation

F. _________ Active Transport uses the energy provided by primary active transport to move substances across a membrane.  Two types

1. ____________ – movement of one substance moving against its gradient by traveling in the _______ direction as a substance diffusing with its gradient (e.g., glucose comes in with Na+)

2. ___________ – movement of one substance moving against its gradient by traveling in the __________ direction as a substance diffusing with its gradient (e.g., K+ moves in as Na+ moves out)

G. ________ (bulk) transport - used to move _______ substances (e. g., proteins, polysaccharides) into and out of cell (Requires _____)

1.  ______cytosis - extracellular substances surrounded by plasma membrane and brought into cell in vesicles.  Includes 

a.  _______cytosis in which solid particles are ingested 
b.  _______cytosis in which liquids are ingested.

2.  _________cytosis- membrane-enclosed secretory vesicles fuse with the plasma membrane, which opens to release their contents outside the cell.

VI.  Cell Growth & Reproduction – the ____ ______ ________ consists of interphase and cell division (mitosis)

A.  ____________- long phase between cell divisions; consists of G1, S, & G2 phases.  Chromosomes replicate themselves into identical _____________ during S phase.

B.  M (__________) phase - somatic cell division process

1.  ______ (1st phase) - chromosomes condense, nucleus dissolves, centrioles migrate to opposite poles of cell, mitotic spindle fibers attach to centromeres connecting identical ___________.

2.  ___________ (middle phase) - chromosomes line up across the center of the cell (equatorial plane).

3.  ___________ (apart phase) - chromatids separate into individual _____________ and are pulled toward opposite ends of cell by spindle fibers.

4.  __________ (division phase) - nuclear envelope reforms around identical sets of chromosomes at opposite ends of cell; spindle fibers dissolve.

C. ______________ – division of the nucleus.  In some cells, only the nucleus divides, not the entire cell.  Such cells are binucleate.

D.  _______________ (cytoplasmic division) also occurs in most cells beginning in late anaphase and divides completely by the end of telophase.

E. End result is two daughter cells, each genetically ____________ to the original mother cell.
