Bacterial Growth & Death

I. Bacterial Cell Cycle

a. Simple (Mother cell ( 2 daughter cells)

b. Binary fission(Asexual Reproduction)

c. Geometrical Division – population doubles

d. Growth Rate – time for cell to reproduce

e. Generation Time – time required to complete fission cycle

i. Time from formation of new cell, growth, division

ii. Examples:

1. Bacillus stearothermophilus – 11 min

2. E. Coli – 20 min

3. Staph – 28 min

4. Lactobacillus acidophilus – 1hr

5. Mycobacterium tuberculosis – 6hrs

6. Treponema pallidum – 1980min

f. Quantitative Assessment via Logarithmic graph

i. Better than exponential graph because more accurate cell #’s during early growth.

II. Growth Curve – Stages of Growth


a. For a closed system: finite nutrients and space w/ no removal of waste

b. Lag Phase:

i. Increase in cell size, but no growth, just increased biochemical activity

c. Exponential (Log) Phase:

i. Growth at geometric rate (cell #’s doubling)

ii. Growth continues as long as environment and nutrients are favorable

iii. Factors:

1. Varies w/species

2. Temp & Nutrient availability

d. Stationary Phase:

i. Population reaches max. numbers 

ii. Equilibrium: rate of death = rate of multiplication

iii. Phase where 2º metabolites (antibiotics) are produced
iv. Factors:

1. Nutrient depletion

2. pH changes

3. Accumulation of waste

4. Reduced O2
v. Can induce endospores at this phase(Bacillus, Clostridium)

e. Death Phase(reverse log phase):
i. Constant death rate of cells

ii. Geometric decline

iii. Causes:  Depletion of nutrients, Toxic waste products, limited space ( leading to lytic enzyme release

III. Physical Factors Affecting Growth

a. Temperature 

i. Minimum, Maximum, Optimum(promotes fastest growth & metabolism rate)

ii. Beyond min and max, growth is inhibited. 

iii. Temperature Adaptations:

1. Psychrophile: 0-15-20C
a. Not infective to humans

b. Snow fields, polar ice, deep ocean

c. Ex: Pseudomonas, Flavobacterium, Alcaligenes, Achromobacter
2. Facultative Psychrophile (Psychotrophs)

a. Optimum T is >20C

b. Infect humans (food poisoning)

c. Ex: Staph. Aureus, L. monocytogenese
3. Mesophile 10-20/40-50 C

a. Most Human Pathogens
b. Ex. E. coli

4. Thermophile 45-80 C

a. Optimum T = >45C

b. Noninfectious to humans

c. Volcanoes, Direct exposure to sun

b. Gas Requirements

i. O2:

1. terminal electron acceptor in aerobic respiration

2. limiting factor

3. Enzymes reduce O2 to water and toxic products:

a. Catalase (Peroxide ( Water + Oxygen)

b. Peroxidase (Peroxide ( Water)

c. Superoxide Dismutase (Superoxide ( Peroxide)

ii. Classification
1. Obligate Aerobes

a. Totally dependent on O2 for growth
b. Produce peroxide & superoxide, but have catalase and SOD

2. Microaerophiles

a. Grow in presence of only 4% O2
b. Possess only SOD but can get overloaded ( Inhibiting Growth
3. Facultative Anaerobes

a. Grow with or w/o O2
b. Grow best under aerobic conditions
c. Both SOD & Catalase present

d. Ex. Enterobacteriacea (gut)

4. Anaerobes

a. Grow only in absence of O2 (brief exposure will lead to death)
b. Lethal Anaerobe – lack enzymes to remove toxic products
c. Tolerant Anaerobe – lack enzyme to reduce O2 
c. Water Activity (Aw)

i. All bacteria require water
ii. Aw = index of amount of water free to react

iii. Equivalent to Relative Humidity (ex. 90% RH = .9 Aw)
iv. Absorption & Solution factors reduce Aw ( slows growth rate
v. Bacteria require Aw > .9, Optimum(1 Aw), <.9 no growth
vi. Xerotolerant

1. Organisms that can grow at lower Aw

2. Fungi (.6), Yeasts (.6), Salt-Tolerant bacteria(Halophiles) 

d. pH

i. pH = -log [H]
ii. Growth rates are affected by pH 
iii. Lactobacillus (pH 2) – survive in stomach
IV. Chemical Factors Affecting Growth

a. CHNOPS – Macronutrients

i. Found in lipids, proteins, carbs, nucleic acids

b. Mineral – Cations

i. For enzyme activity

c. Trace Elements (Mn, Zn, Co, Ni, Cu, Mo)

i. Co-factors for enzymes

                  ** Growth is limited by required nutrient**


      ** Most pathogens are Chemoorganotrophic Heterotrophs**
· Carbon – Heterotroph – from other organisms

· Energy – Chemo – from oxidation(organic or inorganic)

· Hydrogen/Electron – Organotroph – from organic molecules

V. Cultivation of Microbial Species

a. Laboratory Media Classification:

i. Synthetic/Defined Medium – all components known (Basal Salts Medium)

ii. Non-synthetic/Complex Medium – if even 1 component not known (Nutrient Broth)

b. Examples

i. All-purpose Medium – for growth of most bacteria (Nutrient agar, TSB)

ii. Enriched Media – basal media + nutrient supplements (Blood agar)

iii. Enrichment Media 

1. Inhibits growth of unwanted species (Chocolate Agar for H. influenza & Neisseria gonorrhoeae)

2. Contains additional blood, serum, etc

iv. Transport Medium – preserves bacteria in transit

v. Selective Medium  

1. Selects for wanted bacteria and against unwanted bacteria (Salmonella-Shigella agar, Mannitol agar)

2. Contains additional C or energy source or adjusted pH etc

vi. Differential – distinguishes between various species with visible changes in media (MacConkey agar – Enterobacteriaceae, EMB – E. coli, Enterobacter aerogenes)

VI. Controlling Bacterial Growth & Death

a. Terminology

i. Sterilization – all living cells are destroyed from object/habitat

1. Heat

a. Incineration – physically destroy/burn

b. Boiling (30 min) – kills everything butt endospores

c. Autoclaving (121C 15lbs/in 15 mins) – kills endospores
d. Dry Heat (hot air oven)

2. Irradiation – destroys/distorts nucleic acids

a. X-rays & Microwaves

3. Filtration – physical removal from liquid or gas (pore size < .2um)

4. Chemicals & Gas – formaldehyde, gluteraldehyde

ii. Sterilants – chemical used in chemical sterilization

iii. Disinfection – killing all microbes that may cause disease

iv. Disinfectants(Chemical agent) – chemical used in disinfection of inanimate objects only

1. Examples: Cl, Hypochlorite, CuSO4, ammonium cmpds
v. Sanitization – reducing microbe population to levels considered safe by public health standards
vi. Antisepsis – prevention of infection
vii. Antiseptics(Chemical agent) – chemicals used on tissue to prevent infection by killing pathogen growth (non-toxic)
1. Examples: Mercurials, Silve nitrate, iodine, alcohols, detergents
viii. Antimicrobial Agents (-cide)

1. Germicide – kills pathogens and non-pathogens (not endospores)

2. Bactericide – disinfectant/antiseptic effective against specific Fungicide, Algicide, Viricide

ix. Chemotherapeutic Agents
1. chemical of synthetic origin used for treatment of microbial or viral disease (Sulfonilamides, AZT, isoniazid)

2. Microbiologists Definition: antimicrobial agent of microbial origin (NOT SYNTHETIC)

x. Antibiotics

1. Any chemical of natural origin used to kill other microbes
2. Microbiologists Definition: Has to be a chemical produced by microbes used to kill other microbes.

3. Secondary metabolites (made during stationary phase)

4. Examples:

a. Molds: Penicillin & Cephalosporium – B-lactams
b. Bacteria: Actinomycetes(Streptomyces sp) – Streptomycin, Tetracycline, Erythromycin
c. Bacillus sp. – Polypeptides – Polymyxin & Bacitracin (polypeptide glycocalyx)
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