BACTERIAL REPRODUCTION AND GROWTH

1.
BACTERIAL REPRODUCTION


A.
Occurs by binary fission (simple division)


B.
Asexual


C.
Process  (see fig. in text):



1.
Slight enlargement in cell size due to :




a.
Increase in metabolic activities




b.
Production of energy and cell parts



2.
DNA replicates (duplicated)



3.
Cell wall and membrane grow inward separating DNA molecules



4.
Transverse septum (wall, cross wall) is formed




a.
Due to continued growth of cell wall and membrane




b.
Divides contents of cell and DNA molecules



5.
Two daughter cells formed

2.
GENERATION TIME

A.
Time required for one cell to produce two new cells.


B.
Varies with type organism and environmental conditions.


C.
Average 15 - 20 min. (varies - 10 minutes to 24 hrs.)

3.
BACTERIAL GROWTH

A.
Increase in numbers (size of population)


B.
Constantly doubles - increases exponentially


C.
Expressed as logarithmic function of base 2 x



1.
Population doubles - 2



2.
X - # times population doubles


D.
1 cell reproducing every 20 min. ( over 1 million cells in 7 hours ( 1 billion in 10 hrs. 
( in 24 hrs. number followed by 2I zeros.

4.
MEASUREMENT OF BACTERIAL GROWTH

A.
Methods of measurement   :



1.
Optical density



2.
Plate count



3.
Direct microscopic count


B.
BACTERIAL GROWTH CURVE    (see fig. in text)



1.
Transfer inoculum to fresh culture.




Measure number of viable cells at regular intervals.




Plot logarithm population vs. time.




Four distinct phases.



2.
Phases of growth curve :




a.
Lag Phase - no increase in number of cells; 





1).
Increase in metabolic activity; 





2).
Preparing for reproduction - absorbing nutrients for production of 





energy, cell parts.




b.
Logarithmic or Exponential Growth Phase (Log Phase) 

1).
Period of rapid reproduction; population constantly doubling.





2).
Bacterium most typical during this period  - lab tests, antibiotics most 




effective





3).
Since log of population proportional to time line is straight.





4).
Rate of growth influenced by environmental factors.




c.
Stationary Phase - rate of reproduction = rate of death






Due to exhaustion of nutrients, accumulation of wastes.




d.
Death Phase - rate of death ( rate of reproduction.






Some species die quickly, others survive longer.


C.
Practical applications :




a.
When to do lab procedures ? 




b.
Tests of newly developed antibiotics.




c.
Disease process similar to growth curve.

5.
FACTORS AFFECTING BACTERIAL GROWTH    


(REQUIREMENTS FOR BACTERIAL GROWTH)


1)
Temperature





4)
Moisture


2)
Oxygen







5)
Light


3)
pH








6)
Nutrients


A.
TEMPERATURE


1.
All bacteria grow within temp. range;  minimum  (  maximum



2.
Optimum - temp. of most rapid reproduction



3.
Starting at minimum temp. growth slowly increases




Reaches maximum rate at optimum.




As temp. continues to rise growth rapidly decreases.



4.
Bacteria divided into three groups according to growth temperature :




a.
Mesophiles - 20(C - 45(C (50(C)





Ex. -  environmental bacteria, pathogen




b.
Thermophiles - 45(C (50() - 80(C





Extreme thermophiles (hyperthermophiles) - up to 110(C





Ex. - hot springs, volcanoes in ocean, decomposers




c.
Psychrophiles - 0(C  - 20(C





Ex.
-  cold springs, lakes; polar regions; refrigerator.


B.
OXYGEN



1.
Bacteria require oxygen for energy production

2.
Bacteria can be divided into four groups based on requirement of gaseous oxygen: 




a.
Aerobes - require the presence of gaseous (molecular) oxygen




b.
Anaerobes - require absence of gaseous oxygen (utilize O in oxygen 






containing compounds - chemical oxygen).




c.
Facultative - either condition






(Facultative anaerobes, facultative aerobes)




d.
Microaerophilic - require the presence of small amounts of oxygen (2% - 10%) 



- reduced oxygen tension

e.
Tubes of broth 





Brewer jar 





Candle jar 


C.
pH



1.
Concentration of H+, OH- ions




1 ----------------------------------- 7 ------------------------------14






Acid                                    Neutral                             Basic



2.
Bacteria grow within a pH range



3.
Optimum pH - pH at which maximum growth occurs



4.
Divided into three groups according to pH range :




a.
Neutrophiles - 5 to 8      Optimum pH 7.0 - 7.2




b.
Acidophiles - 0 to 5





1).
Organisms used in fermentation reactions ( acid 







(i.e. vinegar, dairy products)

2).
Ex . pathogen: Helicobacter pylori - stomach ulcers




c.
Alkalinophiles - 8 to 12





Ex : Soil bacteria



5.
To culture in lab - add buffers to media to maintain pH.


D.
MOISTURE  (WATER), OSMOTIC PRESSURE



1.
All metabolically active bacteria require presence of water




a.
Cells largely water




b.
Most nutrients, wastes soluble in water to cross cell membrane.




c.
Site of metabolic reactions (cytoplasm)



2.
Osmotic pressure   




a.    Exerted by solutes in water




b.
Increase o.p. outside cell  -  water leaves cell






( very high o.p.  -  dehydrates cell )




c.
Decreased o.p. outside cell  -  water enters cell






( very low o.p.  -  lysis of cell )




d.
Halophiles  -  require the presence of 3% NaCl






( extreme halophiles  -  20 to 30% NaCl )



3.
Practical applications ?


E.
LIGHT  ( RADIATION )



1.
Very small group photosynthetic bacteria (cyanobacteria)  -  require UV light



2.
Nonphotosynthetic bacteria (eubacteria)  -  UV light is lethal (causes mutations)

F.
NUTRITIONAL REQUIREMENTS


1.
Basic requirements for growth :




a.
Carbon  -  building blocks of cell components




b.
Nitrogen  -  production of proteins, nucleic acids




c.
Hydrogen  -  occur in organic compounds




d.
Oxygen  -  involved in the production of energy




e.
Minerals, Trace Elements  -  required in small amounts



2.
Special metabolites  ( growth factors )




a.
Substances required for growth that the cell cannot produce using the basic 




requirements already listed.






( Ex. :  vitamins, amino acids, carbohydrates, blood factors )




b.
Organisms may be described as being fastidious.



3.
Two types organisms based on source of nutrients :




a.
Autotrophs  - utilize inorganic compounds






( C - CO2, carbonates; N - NH4, N2, NO3 )




b.
Heterotrophs  -  utilize organic compounds






( C - CHO, lipids;  N - proteins )





1).
Saprophytes  -  nonliving organic material





2).
Parasites  -  viable (living) organic material



4.
To culture organisms in the laboratory :




a.
Must provide organism with necessary growth factors




b.
Various types media  -  to be described in lab



5.
Not  all bacteria use same nutrients like humans.




Can test for nutritional requirements in lab.




Differences in nutritional requirements used for identification, classification

