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Bacterial Growth 

A. General characteristics of bacterial growth 

• Refers to an increase in bacterial cell numbers (multiplication), which results from a programmed 

increase in the biomass of the bacteria. 

• Results from bacterial reproduction due to binary fission, which may be characterized by a 

parameter called generation time (i.e., the average time required for cell numbers to double). 

  May be determined by 

•  measuring cell concentration (turbidity measurements or cell counting) 

• or measuring biomass density:  direct techniques. (Direct physical measurement of dry weight, 

wet weight, or volume of cells after centrifugation. Direct chemical measurement of some chemical 

component of the cells such as total N, total protein, or total DNA content. (dry weight or protein 

determinations). Indirect measurement of chemical activity such as rate of O2 production or 

consumption, CO2 production or consumption 

• Usually occurs asynchronously (i.e., all cells do not divide at precisely the same moment). 

B. Cell concentration: Measuring techniques involve 

• direct counts, visually or instrumentally.  

• indirect viable cell counts: viable cell counts involving serial dilutions of sample followed by a 

determination of colony-forming units (CFU) on an agar surface. 

• May be determined by particle cell counting or turbidmetric density measurements (includes 

both viable and nonviable cells). 

Table 1. Some Methods used to measure bacterial growth 

Method Application Comments 

Direct microscopic count 
Enumeration of bacteria in milk 

or cellular vaccines 

Cannot distinguish living from 

nonliving cells 

Viable cell count (colony counts) 

Enumeration of bacteria in milk, 

foods, soil, water, laboratory 

cultures, etc. 

Very sensitive if plating conditions 

are optimal 

Turbidity measurement 

Estimations of large numbers of 

bacteria in clear liquid media and 

broths 

Fast and nondestructive, but cannot 

detect cell densities less than 

10
7
 cells per ml 

Measurement of total N or protein 
Measurement of total cell yield 

from very dense cultures 

only practical application is in the 

research laboratory 

Measurement of Biochemical 

activity e.g. O2 uptake CO2 

production, ATP production, etc. 

Microbiological assays 

Requires a fixed standard to relate 

chemical activity to cell mass 

and/or cell numbers 

Measurement of dry weight or wet 

weight of cells or volume of cells 

after centrifugation 

Measurement of total cell yield 

in cultures 

probably more sensitive than total 

N or total protein measurements 
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C. Bacterial growth curve 

• Requires inoculation of bacteria from a saturated culture into fresh liquid media.  

• Is unique for a particular nutritional environment. 

• Is frequently illustrated in a plot of logarithmic number of 

bacteria versus time; observing the time necessary for the cells to 

double in number during the log phase of growth. 

• consists of four phases: 

o Lag phase: metabolite-depleted cells adapt to new 

environment.  

o Exponential or log phase: cell biomass is synthesized at a 

constant rate. Cells in this stage are generally more 

susceptible to antibiotics. 

o Stationary phase: cells exhaust essential nutrients or accumulate toxic products. 

o Death or decline: cells may die due to toxic products. 

D. Chemostat 

• Is a device that maintains a bacterial culture in a specific phase of growth or at a specific cell 

concentration 

• Is most frequently used to maintain a bacterial culture in the 

exponential growth phase. 

• Is based on the principle that toxic products and cells are removed at 

the same rate as fresh nutrients are added and new cells are 

synthesized.  

• Operates best if one nutrient limits bacterial growth. 

E. Synchronous growth 

• Refers to a situation in which all the bacteria in a culture divide at the same moment. 

• may be achieved by several methods, including thymidine starvation (thymidine-requiring 

bacteria), alternate cycles of low and optimal incubation temperatures, spore germination, 

selective filtration of old (large) and young (small) cells. 

Bacterial Cultivation 

A. General characteristics of bacterial cultivation 

• Refers to the propagation of bacteria. 

• Involves specific pH, gaseous, and temperature preferences of bacteria. 

• Is performed in either liquid (broth) or solid (agar) growth medium. 

• requires an environment that contains: 
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1) A carbon source: The carbon requirements of organisms must be met by organic carbon 

(a chemical compound with a carbon-hydrogen bond) or by CO2. Organisms that use 

organic carbon are heterotrophs and organisms that use CO2 as a sole source of carbon 

for growth are called autotrophs. 

2) A nitrogen source 

3) An energy source All living organisms require a source of energy. Organisms that use 

radiant energy (light) are called phototrophs. Organisms that use (oxidize) an organic 

form of carbon are called heterotrophs or (chemo)heterotrophs. Organisms that 

oxidize inorganic compounds are called lithotrophs. 

4) Inorganic salts 

 Major elements, their sources and functions in bacterial cells. 

5) Growth factors 

6) Electron donors and acceptors 

B. Nutritional requirements 

• Heterotrophy 

o Require preformed organic compounds (e.g., sugar, amino acids) for growth. 

• Autotrophy 

Element 
% of dry 

weight 
Source Function 

Carbon 50 
organic compounds or 

CO2 
Main constituent of cellular material 

Oxygen 20 
H2O, organic 

compounds, CO2, and O2 
Constituent of cell material and cell water; O2 

is electron acceptor in aerobic respiration 

Nitrogen 14 
NH3, NO3, organic 

compounds, N2 
Constituent of amino acids, nucleic acids 

nucleotides, and coenzymes 

Hydrogen 8 
H2O, organic 

compounds, H2 
Main constituent of organic compounds and 

cell water 

Phosphorus 3 
inorganic phosphates 

(PO4) 
Constituent of nucleic acids, nucleotides, 

phospholipids, LPS, teichoic acids 

Sulfur 1 
SO4, H2S, S

o
, organic 

sulfur compounds 
Constituent of cysteine, methionine, 

glutathione, several coenzymes 

Potassium 1 Potassium salts 
Main cellular inorganic cation and cofactor for 

certain enzymes 

Magnesium 0.5 Magnesium salts 
Inorganic cellular cation, cofactor for certain 

enzymatic reactions 

Calcium 0.5 Calcium salts 
Inorganic cellular cation, cofactor for certain 

enzymes and a component of endospores 

Iron 0.2 Iron salts 
Component of cytochromes and certain 

nonheme iron-proteins and a cofactor for some 

enzymatic reactions 
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o Do not require preformed organic compounds for growth because they can synthesize them 

from inorganic compounds and carbon dioxide. 

C. Oxygen requirements 

• Obligate aerobes 

o Refer to bacteria that require oxygen for growth. 

o Contain the enzyme superoxide dismutase, which protects them from the toxic O2
-
. 

• Obligate anaerobes 

o Are killed by the O2
-
  ; they grow maximally at a PO2 concentration of less than 0.5% - 3%. 

o Lack superoxide dismutase, Catalase, and cytochrome c oxidase (enzymes that destroy 

toxic products of oxygen metabolism). 

o Require a substance other than oxygen as a hydrogen acceptor during the generation of 

metabolic energy. 

o Use fermentation pathways with distinctive metabolic products. 

o Outnumber aerobes 1000:1 in the gut and 100:1 in the mouth. 

o Comprise 99% of the total fecal flora (10
11

/g of stool in the large bowel). 

o Usually cause polymicrobial infections (i.e., infections involving more than one genus or 

species). 

o Are foul smelling 

o Are generally not communicable or transmissible, except as Endospores, such as 

Clostridium difficile. 

o Generally are found proximal to mucosal surfaces; when this barrier is broken, anaerobes 

can escape into tissues. Mucosal surfaces can be disrupted by: 

1- Gastrointestinal obstruction or surgery. 

2-Diverticulitis 

3- Bronchial obstruction 

4- Tumor growth 

5- Ulceration of the intestinal tract by chemotherapeutic agents 

• Facultative anaerobes 

o Grow in the presence or absence of oxygen. 

o Shift from a fermentative to a respiratory metabolism in the presence of air. 

o Display the Pasteur Effect, in which the energy needs of the cell are met by consuming less 

glucose under a respiratory metabolism than under a fermentative metabolism. 

o Include most pathogenic bacteria. 

• Aero-tolerant anaerobes 
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o Resemble facultative bacteria but have a fermentative metabolism both with and without 

an oxygen environment. 

D. Superoxide dismutase 

• Is an enzyme in aerobes and facultative and aerotolerant anaerobes that allows them to grow in 

the presence of the superoxide free radical (O2
-
) 

• Carries out the reaction         2O2
-
 + 2H

+
 → H2O2 + O2 

Produces hydrogen peroxide (H2O2), which is toxic to cells but is destroyed by Catalase or is oxidized by a 

peroxidase enzyme. 

E. Growth media 

• Minimal essential growth medium 

o Contains only the primary precursor compounds essential for growth. 

o Demands that a bacterium synthesize most of the organic compounds required for its growth. 

o Dictates a relatively slow generation time. 

• Complex growth medium 

o Contains most of the organic compound building blocks (e.g., sugars, amino acids, 

nucleotides) necessary for growth. 

o Dictates a faster generation time for a bacterium relative to its generation time in minimal 

essential growth medium. 

o Is necessary for the growth of fastidious bacteria. 

• Differential growth medium 

o Contains a combination of nutrients and pH indicators to allow visual distinction of bacteria 

that grow on or in it. 

o Is frequently a solid medium on which colonies of particular bacterial species have a 

distinctive color? 

• Selective growth medium 

o Contains compounds that prevent the growth of some bacteria while allowing the growth of 

other bacteria. 

o Uses certain dyes or sugars, high salt concentration, or pH to achieve selectivity. 


