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Objectives


1.
Understand the basic tenets of the cell theory.


2.
Understand the implications of how the surface-to-volume ratio constrains cell size.


3.
Contrast the general features of prokaryotic and eukaryotic cells. 


4.
Be able to distinguish the organelles and structures typical of eukaryotic plant and animal cells.


5.
Describe the nucleus of eukaryotes with respect to structure and function. 


6.
Describe the organelles associated with the endomembrane system, and tell the general function of each. 


7.
Contrast the structure and function of mitochondria and chloroplasts. 


8.
List several surface structures of cells and tell how they help cells survive. 


9.
Describe the cytoskeleton of eukaryotes and distinguish it from the endomembrane system.


10.
Discuss the various mechanisms that enable a cell to move.
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Lecture Outline


       Impacts, Issues: Food for Thought

          A.  Bacteria are found in nearly every environment on Earth.


          B.  Escherichia coli is a common intestinal bacteria in warm-blooded animals.



   
1.  Most are not harmful to humans.




2.  Strain O 157: H7 is harmful to humans.




       a. This strain is not harmful to most animals raised for human consumption.




       b. O 157: H7 sticks to and contaminates meat during grinding in meat processing.




       c.  Cooking meat to at least 160 °F destroys the bacteria.



C.  Food contamination outbreaks are costly on many levels.




1.  People die of the complications of food contamination.




2.  Recall of potentially-contaminated foods cost growers millions of dollars.




3.  Recent outbreaks have prompted testing for pathogens before sale.  

4.1
The Cell Theory


A.
Early observations revealed an unseen world:




1.
Hans and Zacharias Janssen created the first compound microscope in 1590.



2.
Atoni van Leeuwenhoek observed several types of living cells, including sperm.





3.
Robert Hooke saw small compartments in cork, which he named cells.




4.
Robert Brown identified a plant cell nucleus.




5.
Schleiden and Schwann proposed the idea that all living things were composed of cells.




6.
Virchow concluded that all cells come from cells.



B.
These observations and many others led to the cell theory:




1.
All organisms are composed of one or more cells




2.
The cell is the smallest unit having the properties of life.




3.
The continuity of life arises directly from the growth and division of single cells.

4.2
What is a Cell?



A.
The Basics of Cell Structure




1.
The cell is the smallest unit with the properties of life: metabolism, response to environment, growth, and reproduction.




2.
All cells have three features in common:





a.
A plasma membrane separates each cell from the environment, permits the flow of molecules across the membrane, and contains receptors that can affect the cell’s activities.





b.
A nucleus or nucleoid region localizes the hereditary material, which can be copied and read.





c.
The cytoplasm contains membrane systems, particles (including ribosomes), filaments (the cytoskeleton), and a semifluid substance.




3.   Cell size is constrained by the surface-to-volume ratio.




a.
If a cell expands in diameter during growth, its volume will increase more rapidly than its surface area will.





b.
A cell that is too large will not be able to move materials into and out of the cell interior.




4.
The smaller the cell, the more efficiently materials cross its surface and become distributed through the interior.


B.  Preview of Cell Membranes




 1.  
The lipid bilayer of plasma membranes forms a boundary between the inside and outside of the cell, subdivides the cytoplasm into compartments, and regulates the entry/exit of substances.



        
     2.
Proteins embedded in the lipid bilayer or positioned at one of its surfaces serve as channels, pumps, or receptors.



4.3
How Do We See Cells?



A.
  Research with modern microscopes supports the three generalizations of the cell theory.



       B.
 Microscopes use waves of light to make images.




1.
Compound light microscopes use two or more sets of glass lenses to enlarge cells up to 2,000 times.




2.
Transmission and scanning electron microscopes (TEM and SEM) use magnetic lenses to bend and diffract beams of electrons to resolve details that are 100,000 times smaller than seen with light microscopes. 





a.  
TEMs pass electrons through the specimen to provide images of internal details.





b.
SEMs direct a beam of electrons back and forth across a surface of metal-coated 






specimens causing electrons and x-rays to be emitted that are converted to an image 






of the specimen’s surface. 







4.4
Introducing Prokaryotic Cells



     A.
Prokaryotes are the smallest known cells and are the most metabolically diverse forms of life on Earth.


         B.  Two domains of prokaryotes exist: Bacteria and Archaea.





1.
The term prokaryotic (“before the nucleus”) indicates the existence of bacteria before evolution of cells with a nucleus.





a.
A somewhat rigid cell wall supports the cell and surrounds the plasma membrane, regulating transport into and out of the cell.    





b.
Sticky polysaccharides help cells attach to surfaces, such as teeth.





c.
Bacterial flagella project from the membrane and permit rapid movement; pili filaments aid in attachment to surfaces.





d.
Many bacterial species have plasma membrane infoldings embedded with photosynthetic machinery as do the cyanobacteria. 



     





e.
Ribosomes (protein assembly sites) are dispersed throughout the cytoplasm.





  f.
The bacterial chromosome is a single, circular DNA molecule; other smaller circles of DNA called plasmids are present in some bacteria.

4.5
Microbial Mobs


A.
A biofilm occurs when single-celled organisms share a layer of polysaccharides and glycoproteins.




1. Most biofilms are combinations of multiple species intertwined together.




2. Microenvironments within the biofilm support the different species of the community.


B.
Biofilms form as different species sense the presence of other species.



1.
Conditions must be right to support formation of the biofilm and maintenance of the different species within the community.



2.
When conditions are not conducive to forming a biofilm, the different cells separate and live independently.
4.6
Introducing Eukaryotic Cells



A.
Eukaryotic cells (true nucleus) are larger and generally more complex with a nucleus and other membrane-bound organelles.

          B.  Interactions between organelles keep cells functioning and metabolizing.  


          C.  Typical organelles in eukaryotic cells include the nucleus, ribosomes, and a cytoskeleton; specialized cells contain additional organelles specific to cellular function.
4.7
Visual Summary of Eukaryotic Cell Components


A.
Plant cells contain many of the same organelles as animal cells.  Organelles specific to plant cells include the cell wall, chloroplasts, and a central vacuole.


          B.  Centrioles are specific to animal cells and are important in cell division.  


       4.8
 The Nucleus



A.
Nuclear Envelope




1.   A nuclear envelope (double-membrane) encloses the semifluid interior of the nucleus, called nucleoplasm.




2.   The ribosome-bound outer surface of the nucleus is loaded with pores having many functions; the outer surface is also continuous with the endoplasmic reticulum membrane.

      
B.
Nucleolus




1.
Located within the nucleus, the nucleolus appears as a darker globular mass where subunits of ribosomes are prefabricated before ship​ment out of the nucleus.




2.
Every nucleus has at least one nucleolus, which is responsible for producing the large and small subunits of ribosomal RNA.


C.
The Chromosomes



1.
Chromatin refers to the cell’s total collection of DNA and associated proteins.




2.
A chromosome is a double-stranded DNA molecule and its associated proteins (histones).


       4.9
The Endomembrane System



A.
Endoplasmic Reticulum (ER)




1.
The endoplasmic reticulum is a collection of interconnected tubes and flattened sacs that begin at the nucleus and ramble throughout the cytoplasm.




2.
There are two types distinguished by the presence or absence of ribosomes.





a.
Rough ER consists of stacked, flattened sacs with many ribosomes attached; oligosaccharide groups are attached to polypeptides as they pass through on their way to other organelles or to secretory vesicles.





b.
Smooth ER has no ribosomes; it is the area from which vesicles carrying proteins and lipids are budded; and it also inactivates harmful chemicals.



B.  
Vesicles



1. Vesicles are commonly used by the cell as transporters to and from the plasma membrane.




2.
Peroxisomes are vesicles containing enzymes that break down fatty acids and amino acids; the hydrogen peroxide released is degraded by another enzyme.




3.
Animals cells have vacuoles to house debris and toxic materials within the cell. 



     4.   The central vacuole  of mature plant cells accumulates a watery solution of ions, amino 




acids, sugars, and toxic substances.


C.
Golgi Bodies




1.
In the Golgi bodies, proteins and lipids undergo final processing, sorting, and packag​ing.




2.
The membranes of the Golgi are arranged in stacks of flattened sacs whose edges break away as vesicles.



3.
Lysosomes are vesicles that bud from Golgi bodies; they carry powerful enzymes that can digest the contents of other vesicles, worn-out cell parts, or bacteria and foreign particles.

 4.10   Lysosome Malfunction: Tay-Sachs disease


A.  Tay-Sachs disease is caused by a nonfunctional enzyme responsible for ganglioside 

                 breakdown, a lipid that accumulates around nerve cells when breakdown fails. 



B.  Infants with Tay-Sachs begin showing symptoms about age 6 months and rarely live to age 

                five.  



C.  Tay-Sachs  disease is more common in Jews of Eastern European descent, Cajuns, and French 

                 Canadians, and currently is incurable.

4.11
Other Organelles


A.
Mitochondria are the primary organelles for transferring the energy in carbohydrates to ATP under oxygen-plentiful conditions.




1.
Each mitochondrion has two membranes, an inner folded membrane (cristae) surrounded by a smooth outer membrane.




2.
Inner and outer compartments formed by the membranes are important in energy transformations.




3.  Mitochondria resemble bacteria in size and biochemistry.




a.  Like bacteria, they have their own DNA and divide on their own apart from the cell.





b. They have ribosomes.





c.  Endosymbiosis is a theory that explains how mitochondria may have once been 






independent ancient prokaryotic cells that were engulfed by another cell but became






permanent, remaining with the host cell as an endosymbiont.






B.  Plastids are important for storage in plants and in photosynthesis.



1.  Chloroplasts are oval or disk-shaped organelles, bounded by a double membrane, and specialized for photosynthesis.





a.
In the innermost membrane, stacked disks (thylakoids), pigments, and enzymes trap sunlight energy to form ATP and NADPH.





b.
Sugars and starches are formed in the fluid substance (stroma) surrounding the stacks.





c.
Pigments such as chlorophyll (green) confer distinctive colors to the chloroplasts.





d.
Chloroplasts are like photosynthetic bacteria and may have evolved through endosymbiosis like mitochondria.




2.
Chromoplasts store red and brown pigments that give color to flowers, autumn leaves, fruits, and roots.




3.
Colorless amyloplasts lack pigments, store starch grains, and are abundant in stem cells, tubers, and seeds.



C.
  Central Vacuoles




  1.
In a mature plant, the central vacuole may occupy 50 to 90 percent of the cell interior.





a.
Central vacuoles store amino acids, sugars, ions, and wastes.





b.
The vacuole enlarges during growth and greatly increases the cell’s outer surface area.




2.
The enlarged cell, with more surface area, has an enhanced ability to absorb nutrients.


4.12
Cell Surface Specializations



A.
Eukaryotic Cell Walls




1.
Cell walls are carbohydrate frameworks for mechanical support in bacteria, protistans, fungi, and plants; cell walls are not found in animals.





a.
In growing plant parts, bundles of cellulose strands form a primary cell wall that is pliable enough to allow enlargement under pressure.





b.
Later, more layers are deposited on the inside of the primary wall to form the secondary wall.




2.  Lignin composes up to 25 percent of the secondary wall in woody plants; it makes plant

 


     parts stronger, more waterproof, and less inviting to insects.

3.  Cell secretions form a protective covering in plants called cuticle that functions to reduce 

     water loss and protect exposed surfaces.



B.
Matrixes Between Animal Cells




1.
The extracellular matrix (ECM) between animal cells includes cell secretions and materials drawn from the surroundings between cells.




2.
Animal cell matrix is usually carbohydrates and proteins organized to provide structural support.  


C.
Cell Junctions




1.
In plants, tiny channels called plasmodesmata cross the adjacent primary walls and connect the cytoplasm.



2.
Animal cells display three types of junctions:




a.
Tight junctions occur between cells of epithelial tissues in which cytoskeletal strands of one cell fuse with strands of neighboring cells, causing an effective seal.





b.
Adhering junctions are like spot welds at the plasma membranes of two adjacent cells that need to be held together during stretching, as in the skin and heart.



        c.
Gap junctions are small, open channels that directly link the cytoplasm of adjacent cells

4.13
The Dynamic Cytoskeleton



A.
Components of the Cytoskeleton 




1.
The cytoskeleton of eukaryotic cells forms an interconnected system of bundled fibers, slender threads, and lattices that extends from the nucleus to the plasma membrane.




2.
The main components are microtubules, microfilaments, and intermediate filaments—all assembled from protein subunits that give cells their internal organization, shape, and capacity to move.





B.
Microtubules




1.
Microtubules, the largest structural elements in the cytoskeleton, are composed of long, hollow tubulin cylinders; they are responsible for the movement of chromosomes during cell division.




2.
Microtubules of animal cells grow in all directions from the anchoring centrosomes and are not permanent structures, assembling and disassembling when needed.




3.
Plant poisons (like colchicine and taxol) can bind to tubulins of plant-eating animals, causing the microtubules to fall apart and preventing new ones from forming. 



     C.
Microfilaments




1.
Microfilaments, the thinnest elements, consist of two helically twisted polypeptide chains assembled from actin monomers.




2.
Microfilaments are particularly important in movements that take place at the cell surface; the cell cortex contributes to the shapes of animal cells.




3.
Cytoplasmic streaming proceeds as microfilaments loosen, causing local gel-like regions to become more fluid and flow strongly, which then causes substances and cell components to be redistributed within the cell.



D.
Myosin and Other Accessory Proteins




1.
Extending from the microfilaments of muscle cells, kinesin and myosin play a vital role in contraction.




2.
Cross-linking proteins interconnect microfilaments at the cell cortex.



      E.
Intermediate Filaments




1.
Intermediate filaments, the most stable of the cytoskeleton elements, occur only in animal cells of specific tissues, strengthening and maintaining the shape of cells or cell parts.




2.
Examples include desmins and vimentins (support machinery by which muscle cells contract) and lamins (form a scaffold that reinforces the nucleus).




3.
Researchers can use intermediate filaments to identify tissue origin in cancerous cells due to the specificity of the intermediate filaments to animal cells.



F.  Cilia, Flagella, and False Feet





1.
Both flagella and cilia are motile structures that extend from the surface of many cells and is completely sheathed by an extension of the plasma membrane.  





a.
Cilia are short, numerous, and provide locomotion for free-living cells or may move surrounding water and particles if the ciliated cell is anchored.





b.
Flagella are quite long, not usually numerous, and are found on one-celled protistans and animal sperm cells.




2.
Microtubular extensions of the plasma membrane have a 9 + 2 cross-sectional array that arises from a centriole extending below the array as a basal body.




     3.
Pseudopods (false feet) are temporary lobes that project from the cell, used in 





locomotion and food capture.
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