Prokaryotic Cell Structure

A. Generalized Structure


1. Cell Appendages



A) Flagella




1) Functions in movement of the cell




2) 3 components





a) Filament 






i) Whip-like, helical structure





b) Hook 






i) Holds the filament






ii) Attached to the rod portion of the basal body





c) Basal body 






i) A complex structure consisting of a rod, 4 rings and a motor contained 





   within the cell envelope






ii) Activation of the motor causes the hook (and therefore the filament) to 





   swivel




3) 4 types of flagellar arrangements





a) Monotrichous






i) A single flagella at one end





b) Lophotrichous






i) Multiple flagella at one end





c) Amphitrichous






i) Flagella located at each end





d) Peritrichous






i) Flagella are found randomly over the cell’s surface




4) Chemotaxis





a) Movement of the cell in response to chemical signals






i) Positive chemotaxis






ii) Negative chemotaxis





b) Chemotaxis is accomplished through a series of runs & tumbles





i) Run







(a) Movement in a linear direction







(b) Created by a counterclockwise flagellar rotation






ii) Tumble







(a) When the cell stops and reverses direction







(b) Created by a clockwise flagellar rotation



B) Periplasmic Flagella




1) A type of modified flagella




2) Found in a special bacteria known as spirochetes




3) Consist of a filament and hook but the entire structure is located between the cell 



   wall and membrane (the periplasmic space)



4) The filament is wrapped around the cell and is free to contract & relax causing a 



   twisting, flexing movement of the entire cell



C) Fimbrae




1) Small, hair-like fibers on the surface of the cell




2) Tend to stick to each other as well as other surfaces



D) Pilus




1) Elongated, tubular structure




2) Only present on certain species of Gram-negative bacteria




3) Primarily involved in attachment, movement, and conjugation




a) The transfer of DNA from one bacterium to another


2. Cellular Envelope



A) Glycocalyx




1) Refers to the gel-like outer covering of some bacteria




2) 2 types





a) Slime layer






i) diffuse & irregular structure





b) Capsule






i) distinct & gelatinous structure




3) Functions





a) Protection against phagocytosis






i) Encapsulated bacteria tend to have a greater pathogenicity because of 





   this





b) Helps bacteria adhere to its environment or other bacteria






i) Allow the bacteria to stick to a large number of substances including 





   tooth enamel and hospital equipment






ii) Also allows bacteria to grow as a biofilm (i.e. dental plaque)





c) Helps prevent the loss of water and nutrients



B) Cell Wall




1) Lies immediately below the glycocalyx




2) Provides the bacteria with structure and protection from lysis





a) Certain drugs, including penicillin, destroy the cell wall allowing cell lysis 




   to occur




3) Composed primarily of peptidoglycan





a) basic structure






i) composed of 2 repeating subunits







(a) N-acetylmuramic acid (NAM)







(b) N-acetylglucosamine (NAG)








(i) covalently bonded together to form a glycan chain






ii) adjacent glycan chains are held together by tetrapeptide chains attached 





   to each NAM


 




(a) tetrapeptide chains are directly-linked in Gram-negative bacteria

 





(b) tetrapeptide chains are cross-linked in Gram-positive bacteria




4) Bacteria are lumped into 2 groups based on the staining of their cell walls





a) Hans Christian Gram developed Gram staining in 1884






i) The result is a group of bacteria that stain violet (Gram-positive) and a 





   group that stain red (Gram-negative)





b) Gram-positive bacteria






i) Cell wall composed of a thick layer of peptidoglycan






ii) There is a narrow periplasmic space






iii) Gram-positive bacteria are more permeable but less susceptible to lysis






iv) 2 molecules (besides peptidoglycan) are commonly found







(a) teichoic acid – binds together layers of peptidoglycan







(b) lipoteichoic acid – link the peptidoglycan layers to the cell 






   membrane





c) Gram-negative bacteria






i) Cell wall composed of a thin layer of peptidoglycan 






ii) There is a wider periplasmic space






iii) Gram-negative bacteria are less permeable but more susceptible to lysis





iv) Surrounded by an outer membrane (a.k.a. LPS)







(a) similar to cell membrane (lipid bilayer)








(i) inner layer of phospholipids bound to the cell wall by 







   lipoproteins

 






(ii) outer layer is composed of lipopolysaccharides – 








   2 important components









(a) Lipid A – found within the bilayer; recognized by our 








   immune systems









(b) O-specific polysaccharide – found externally; used to 








   identify certain strains/species of bacteria (E. coli O157:H7)




5) Responsible for the multiple shapes seen in bacteria





a) coccus – round





b) bacillus – rod-shaped






i) coccobacillus – short, plump rods






ii) vibrio – slightly bent rods





c) spirillum – spiral-shaped cylinder


C) Cell Membrane




1) Composed primarily of phospholipids




2) Membrane proteins provide the membrane with structure and functionality




3) Mesosomes are inward projections of the membrane





a) Believed to increase surface area for membrane activities




4) Functions primarily in controlling the movement of substances into and out of 



   the cell 

3. Internal Structures



A) Cytoplasm




1) Fluid within the cell




2) Primarily water containing dissolved nutrients & wastes



3) Serves as a site for numerous metabolic reactions


B) Chromatin body




1) A single, circular loop of essential DNA




2) Aggregated in a dense area of the cell known as the nucleoid


C) Plasmids




1) Extra, nonessential pieces of DNA




2) Arranged in isolated loops or attached to the chromatin body




3) They are reproduced and passed on to the offspring




4) Often contain protective traits 




5) Exchanged during conjugation



D) Ribosomes (70S)




1) The site of protein production within the cell




2) Composed of rRNA and proteins



3) Comprised of 2 subunits





a) Small subunit (30S)





b) Large subunit (50S)



E) Inclusion bodies




1) Aggregations of nutrients and other substances often needed by the cell




2) May or may not be membrane-bound




3) Allows the cell to go for long periods in the absence of essential nutrients



F) Endospores (Spores)




1) Dormant bodies produced primarily by 3 groups of Gram-positive bacteria





a) Bacillus sp., Clostridium sp. & Sporosarcina sp.



2) Function in the survival of the bacteria in hostile conditions




3) Spore producing bacteria have a two-phase life cycle





a) Vegetative cell






i) a metabolically active cell





b) Endospore






i) dormant body capable of becoming a vegetative cell




4) Sporulation – process of spore formation (takes about 6-8 hrs)




a) Hostile conditions cause the vegetative cell to convert to a spore-




   forming cell known as a sporangium





b) The DNA of the cell is duplicated





c) A septum forms dividing the cell into unequal parts each with its own DNA





d) The larger portion engulfs the smaller portion resulting in a forespore





e) A thick peptidoglycan coat forms around the forespore making it 




   impervious to other substances and heat resistant; it is now an endospore





f) The endospore is released as the sporangium deteriorates





g) The endospore remains dormant until conditions improve around it




5) Germination of endospores requires water and an environmental stimulus




6) Most endospore-forming bacteria are relatively harmless but with some bacteria 



   the endospore play a vital role in their pathogenicity
