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Microbial Growth

• Microbial growth,  increase in number of cells, not cell size



Temperature

• Temperature is a major 
environmental factor 
controlling microbial 
growth

• •Cardinal temperatures: 
the minimum, optimum, 
and maximum 
temperatures at which 
an organism grows

The Requirements for Growth: Physical Requirements



Temperature

Microorganisms can be classified into groups by
their growth temperature optima 
¾ Psychrophile: low temperature
¾ Mesophile: midrange temperature
¾ Thermophile: high temperature
¾ Hyperthermophile: very high temperature



Psychrotrophs



¾ Production of enzymes that
function optimally in the cold;
features that may provide more
flexibility

•More Į-helices than ȕ-sheets
•More polar and less hydrophobic
amino acids
•Fewer weak bonds
•Decreased interactions between
protein domains

¾ Transport processes function
optimally at low temperatures

•Modified cytoplasmic membranes

¾ High unsaturated fatty acid
content

Molecular Adaptations to Psychrophily
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Adaptations of Thermophiles

¾ Protein structure stabilized by a variety of means 
• more H bonds
• more proline
• chaperones

¾ Histone-like proteins stabilize DNA
¾ Membrane stabilized by variety of means

• more saturated, more branched and higher molecular weight 
lipids, lipid monolayers

• e.g., ether linkages (archaeal membranes)
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• pH
Most bacteria grow between 
pH 6.5 and 7.5
Molds and yeasts grow 
between pH 5 and 6

¾ acidophiles
growth optimum between 
pH 0 and pH 5.5
¾ neutrophiles
growth optimum between 
pH 5.5 and pH 7
¾ alkalophiles
growth optimum between 
pH 8.5 and pH 11.5

The Requirements for Growth: Physical Requirements
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¾ Most acidophiles and alkalophiles maintain an internal pH near 
neutrality
• The plasma membrane is impermeable to protons
• Symport, antiport systems can be used to maintain pH closer 

to neutrality
¾ Synthesize proteins that provide protection

• e.g., acid-shock proteins
¾ Many microorganisms change pH of their habitat by producing 

acidic or basic waste products
• most media contain buffers to prevent growth inhibition

↓
When bacter!o grow they

p! mektconstant
produce

ac!ds. - If you
dant use

to

res!ste pu
e

buffers they
w!ll d!e from

sa!ds

they produce



The Requirements for Growth: Physical Requirements
• Osmotic Pressure

¾ Hypertonic 
environments, increase 
salt or sugar, cause 
plasmolysis

¾ Extreme or obligate 
halophiles require high 
osmotic pressure

¾ Facultative halophiles 
tolerate high osmotic 
pressure 

Halophiles: organisms that grow best at reduced water potential; have a
specific requirement for NaCl
Extreme halophiles: organisms that require high levels (15–30%) of NaCl for
growth
Halotolerant: organisms that can tolerate some reduction in water activity of
environment but generally grow best in the absence of the added solute



The Requirements for Growth: Physical Requirements

Osmophiles: organisms that live in environments high in sugar as solute

Xerophiles: organismsable to grow in very dry environments



Pressure

• Barotolerant
• adversely affected by increased pressure, but not as severely as 

nontolerant organisms

• Barophilic Organisms
• require or grow more rapidly in the presence of increased pressure



The Requirements for Growth: Chemical Requirements

Elemental and macromolecular composition of a bacterial cell

•Nutrients
–Supply of monomers (or precursors of) required by cells for growth
•Macronutrients
–Nutrients required in large amounts
•Micronutrients
–Nutrients required in trace amount



¾ Carbon
• Structural organic molecules, energy source
• Chemoheterotrophs use organic carbon sources
• Autotrophs use CO2
¾ Nitrogen

• In amino acids, proteins
• Most bacteria decompose proteins
• Some bacteria use NH4

+ or NO3
�

• A few bacteria use N2 in nitrogen fixation
¾ Sulfur (S)

• In amino acids, thiamine, biotin
• Most bacteria decompose proteins
• Some bacteria use SO4

2� or H2S
¾ Phosphorus (P)

• In DNA, RNA, ATP, and membranes
• PO4

3� is a source of phosphorus

The Requirements for Growth: Chemical Requirements



• Trace Elements
• Inorganic elements required in small amounts
• Usually as enzyme cofactors

The Requirements for Growth: Chemical Requirements

• Other macronutrients: K, Mg, Ca, Na
-

Cofactors -> for enzymes .
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• Oxygen (O2)

The Requirements for Growth: Chemical Requirements

¾ Aerobes: require oxygen to live
¾ Anaerobes: do not require oxygen and may even be killed by exposure
¾ Facultative organisms: can live with or without oxygen
¾ Aerotolerant anaerobes: can tolerate oxygen and grow in its presence even

though they cannot use it
¾ Microaerophiles: can use oxygen only when it is present at levels reduced

from that in air
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Toxic Forms of Oxygen

Some enzymes are extremely 
sensitive to oxygen. Oxygen easily 
reduced to toxic products in the 
cell:

• Single oxygen
• Superoxide anion
• Hydrogen peroxide
• Hydroxyl radical
aerobes produce protective 
enzymes
• Catalase
• Peroxidase
• Superoxide dismutase
• Superoxide reductase



• Organic Growth Factors
• Organic compounds obtained from the environment
• Vitamins, amino acids, purines, pyrimidines

The Requirements for Growth: Chemical Requirements
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• Culture Medium: Nutrients prepared for microbial growth
• Sterile: No living microbes
• Inoculum: Introduction of microbes into medium
• Culture: Microbes growing in/on culture medium

Culture Media
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• Complex polysaccharide 
• Used as solidifying agent for culture media in Petri plates, slants, and 

deeps
• Generally not metabolized by microbes
• Liquefies at 100°C
• Solidifies ~40°C

Agar
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• Chemically Defined Media: Exact chemical composition is known
• Complex Media: Extracts and digests of yeasts, meat, or plants

• Nutrient broth
• Nutrient agar

Culture Media



Culture Media
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• Reducing media
• Contain chemicals (thioglycollate or oxyrase) that combine O2

• Heated to drive off O2

Anaerobic Culture Methods



• Anaerobic jar

Anaerobic Culture Methods

• Anaerobic chamber



• Candle jar

• CO2-packet

Capnophiles require high CO2



Culture Media

Nutrient solutions used to grow microbes in the laboratory

Two broad classes
¾ Defined media: precise chemical composition is known
¾ Complex media: composed of digests of chemically undefined 

substances (e.g., yeast and meat extracts) 

Laboratory Culture

¾ Pure culture: culture containing only a single kind of microbe
¾ Contaminants: unwanted organisms in a culture
•Cells can be grown in liquid or solid culture media
–Solid media are prepared by addition of a gelling agent (agar or gelatin)
–When grown on solid media, cells form isolated masses
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• Suppress unwanted microbes
and encourage desired microbes.

• Contains compounds that
selectively inhibit growth of some
microbes but not others

Selective Media
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• Make it easy to distinguish colonies of different microbes. Contains an
indicator, usually a dye, that detects particular chemical reactions
occurring during growth

Differential Media



• Encourages growth of desired microbe
• Assume a soil sample contains a few phenol-degrading bacteria and 

thousands of other bacteria
• Inoculate phenol-containing culture medium with the soil and 

incubate
• Transfer 1 ml to another flask of the phenol medium and incubate
• Transfer 1 ml to another flask of the phenol medium and incubate
• Only phenol-metabolizing bacteria will be growing

Enrichment Media
Enr!cred Culture d
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Microbes are everywhere
¾ Sterilization of media is critical
¾ Aseptic technique should be followed

Aseptic Technique 

Loop is heated until red
hot and cooled in air
briefly.

Tube isuncapped. Tip of tube is run 
through the flame..

Sample is removed 
on sterile loop for 
transfer to asterile medium.

The tube is reflamed
The tube is recapped. Loop
is reheated before being 

taken outof service.



• A pure culture contains only one species or strain
• A colony is a population of cells arising from a single cell or spore or 

from a group of attached cells
• A colony is often called a colony-forming unit (CFU)

Pure culture techniques

¾ Streak plate
¾ Pour plate
¾ Spread plate

Laboratory Culture



Streak Plate
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• Deep-freezing: -50°to -95°C
• Lyophilization (freeze-drying): Frozen (-54° to -72°C) and dehydrated in 

a vacuum

Preserving Bacteria Cultures
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• Binary fission
• Budding
• Conidiospores (actinomycetes)
• Fragmentation of filaments

Reproduction in Prokaryotes

->most common

Tarr!bo
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Binary Fission
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Measurement of Microbial Growth

Can measure changes in number of cells in a population
• Direct cell counts

-counting chambers
-on membrane filters

• Viable cell counts
-plating methods
-membrane filtration methods

Can measure changes in mass of population
-dry weight
-quantity of a particular cell constituent
-turbidometric measures

- cart l!v!ng
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Counting Chambers

• easy, inexpensive, and 
quick

• cannot distinguish living 
from dead cells

• examples: Petroff-Hauser 
or hemocytometers



Microscopic Counts…

• A second method for enumerating cells in liquid samples is with 
a flow cytometer

– Uses laser beams, fluorescent dyes, and electronics



Microscopic Counts….

Limitations of microscopic counts
¾ Cannot distinguish between live and dead cells. 
¾ Small cells can be overlooked
¾ Cell suspensions of low density (<106 cells/ml) hard to count
¾ Motile cells need to immobilized
¾ Debris in sample can be mistaken for cells



Direct Counts on Membrane Filters

• Cells filtered through special membrane that provides dark background 
for observing cells

• Cells are stained with fluorescent dyes
• Useful for counting bacteria
• With certain dyes, can distinguish living from dead cells

especially useful for analyzing aquatic samples
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The Viable Cell Counting
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Measurement of Cell Mass

• Dry weight
• time consuming and not very sensitive

• Quantity of a particular cell constituent
• protein, DNA, ATP, or chlorophyll

• Turbidometric measures (light scattering)
• quick, easy, and sensitive
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The Mathematics of Exponential Growth

A relationship exists between the initial number of cells present in a 
culture and the number present after a period of exponential growth:

N = N02n

n= log N – log N0/log 2

N0 = initial cell numbers, N = final cell numbers
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The Mathematics of Exponential Growth

• Doubling time (g) is calculated as
g=t/n

• Specific growth rate (k) is calculated as

k=3.32 x 1/t x (Log Nt - Log No)
k= n/t (# of generations per unit time)

Division rate (v) is calculated as
v = 1/g



Growth Curve
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The Serial Dilutions Technique



• Multiple tube MPN 
test

• Count positive 
tubes and 
compare to 
statistical MPN 
table.

Direct Measurements of Microbial Growth

Figure 6.18b



Direct Measurements of Microbial Growth

• Direct Microscopic Count



Turbidity measurements are an indirect but very rapid and useful method 
of measuring microbial growth

Indirect Measurements of Microbial Growth: Turbidity



Turbidimetric Methods
• Turbidity measurements are an indirect, rapid, and useful method of 

measuring microbial growth
– Most often measured with a spectrophotometer and 

measurement referred to as optical density (O.D.)

• Turbidity measurements
– Quick and easy to perform
– Typically do not require destruction or significant disturbance 

of sample
– Sometimes problematic (e.g., microbes that form clumps or 

biofilms in liquid medium)



Estimating Bacterial Numbers by Indirect methods

• Metabolic activity
• Dry weight
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