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Chapter II. Industrial microorganisms : 
isolation, selection, screening and 

properties
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• The microorganisms currently used in industrial 
microbiology and biotechnology are mainly found 
in Bacteria and Eukarya, Archaea are not used.

• H o w e v e r,  i n d u s t r i a l  m i c r o b i o l o g y  a n d 
biotechnology processes are dynamic, so old 
processes are systematically discarded when new 
(more efficient) ones are discovered. 

• Currently, Archaea organisms are not used for 
industrial purposes, but this may change in the 
future.
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I. Bacteria
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I.I. Proteobacteria

Acetobacter

Gluconobacter

Zymomonas.

Alphaproteobacteria

Acetic acid

alcohol
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I. II. Firmicutes
• Firmicutes  contain numerous bacteria of 

industrial interest and are divided into three 
main groups:

• I. sporulated, (Bacillus, Clostridium, etc.)

• II. Non-sporulated (lactic acid bacteria, etc.)

• III. wall-less firmicutes (this group contains 
pathogenic organisms, Mycoplasma)
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I. III. Actinobacteria
• Actinomycetes  (antibiotics and other pharmaceutical 

products, Streptomyces)

• Corynebacterium  (amino acids)
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• Phycomycetes: Rhizopus, Mucor (enzymes)

• Ascomycetes: Yeasts (ethanol and alcoholic 
beverages), Claviceps purpurea (ergot alkaloids)

• Imperfect fungi: Aspergillus (aflatoxin) Penicillium 
(penicillin)

• Basidiomycetes, Agaricus, mushrooms 

II.The Eukarya
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Characteristics of microorganisms used in industrial 
microbiology

• Microorganisms should be capable of growing in a 
simple medium, without added growth factors (vitamins, 
nucleotides and acids) except those naturally present in 
the industrial medium in which they are cultivated. 

• It is obvious that additional growth factors increase the 
cost of fermentation and consequently that of the end-
product.
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• Microorganisms should be able to grow 
vigorously and rapidly in the selected medium 
for the reasons below:

üThe low growth rate exposes the culture to a 
greater risk of contamination.

üThe profit rate is reduced if low growth rate 
microorganisms are used.
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• Microorganisms should grow quickly, but they 
should also produce the desired metabolite 
(cells or metabolic products) as rapidly as 
possible, for the same reasons indicated above.

• E n d - p ro d u c t s  s h o u l d  b e  f re e  o f  tox i c 
substances or other unwanted materials, 
especially when intended for consumption 
(such as medication or food).
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• Microorganisms should exhibit acceptable 
genetic and physiological stability,

   A microrganism that mutates easily can 
produce undesirable substances, resulting in a 
reduced yield of the metabolite of interest or 
the production of a different, potentially toxic 
substance, 

   Both situations undermine the industry's 
primary objective: profit maximization
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• At the end of fermentation, the selected microorganism should 
provide an appropriate and cost-effective method for harvesting 
the product (downstream process). 

• For example, if both yeast and bacteria are suitable for producing a 
given metabolite, it would be preferable to use the yeast if 
centrifugation is the most suitable harvesting method

• If possible, microorganisms with physiological requirements that 
protect them against competition from contaminants should be 
selected. 

• For example, a microorganism that has optimal productivity at high 
temperatures, low pH values, or is capable of secreting antimicrobial 
agents will be preferred. 

• Thus, an efficient thermophilic producer would be favored over a 
mesophile 74H. Ouled Haddar

• Microorganisms should be sufficiently resistant to 
predators, such as bacteriophages. 

• Therefore, developing phage-resistant strains should be 
a fundamental part of the research program in the 
bioindustry

• When possible, microorganisms should have low oxygen 
requirements; otherwise, the demand for electric 
energy for agitation of the fermenter and injection of 
forced air will significantly increase, accounting for 
approximately 20% of the cost of the end product.
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• Finally, the microorganism should be relatively 
easy to genetically manipulate, allowing for 
the development of strains with improved 
properties.
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Selection of microorganisms for bioprocess

• The primary task of an industrial microbiologist is to identify an 
appropriate microorganism (MO) for the desired process. 
Selecting and utilizing MOs in industrial microbiology and 
biotechnology requires a strong understanding of their cultivation, 
manipulation, and interactions with other organisms

• First, it is essential to identify or create a microorganism (MO) 
capable of performing the desired process as efficiently as 
possible. This MO can be isolated from the environment or 
obtained through molecular genetic modification techniques.

•  Additionally, MO culture collections also provide relatively 
efficient strains
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1. De novo MO isolation

• Although the ubiquity of microorganisms suggests that almost any 
natural ecological entity (such as water, air, leaves, or tree trunks) can 
provide them,  soi l  remains the preferred source for  isolating 
microorganisms. 

• This is because soil is a vast reservoir of diverse organisms. Indeed, 
microorganisms capable of utilizing virtually any carbon source can be 
found in soil when appropriate screening methods are employed.

• Recently, other 'new' habitats, particularly the marine environment, have 
also been explored in searches for bioactive microbial metabolites.

78H. Ouled Haddar

Enrichment with the substrate used by the desired MO: 

• If the desired MO utilizes a particular substrate, the soil 
will be incubated with that substrate for a certain period 
(enrichment). 

• The incubation conditions are also used to select for a 
specific organism. 

• For example, if a thermophilic organism that hydrolyzes a 
substrate X, a solid medium containing that substrate is 
inoculated by an appropriate dilution of the enriched soil 
and then incubated at high temperatures to facilitate the 
search for thermophiles
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Examples
a. Search for  a  producer of an 

extracellular α-amylase: 

The soil is enriched with starch, and 
appropriate dilutions of the soil 
are plated onto agar containing 
starch as the sole carbon source. 

When iodine (stain) is introduced, 
light areas appear around the 
c o l o n i e s  o n  a  d a r k  b l u e 
b a c k g ro u n d  i n d i cat i n g  t h e 
hydrolysis of starch
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b. Search for an antibiotic producer,

To isolate antibiotic-producing 
microorganisms, a soil suspension 
is placed on agar that has been 
previous ly  inoculated wi th  a 
reference microorganism which is 
sensitive to the desired antibiotic. 

Zones of inhibition around the 
colonies indicate the presence of 
antimicrobial metabolites
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 There are different types of culture collections (strain banks). Some 
collections handle a wide variety of organisms, with the most 
well-known being the American Type Culture Collection (ATCC).

 Other collections are specialized and may focus exclusively on 
pathogenic microorganisms, such as the National Collection of 
Type Cultures (NCTC) in Colindale, London, or industrial 
microorganisms, like the National Collection of Industrial Bacteria 
(NCIB) in Aberdeen, Scotland. 

Additionally, some collections manage only one type of organism, 
such as the Center for Braunschweig (CBS) in the Netherlands, 
which specializes in fungi

 2. Culture collections
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• Genetic manipulations are used to produce MOs 
with new or improved characteristics.

• Conjugation, transformation and transduction 
play a vital role in the development of strains,

 3. Genetic modification of MO
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• Mutation: chemical, UV, Site-directed 
mutagenesis

• Protoplast fusion
• Cloning
• Metabolic pathway engineering
• ….

84H. Ouled Haddar

• Physical mutagenesis: UV
• Chemical mutagenesis:
Base analogues:5,BU
Nitrous acid
Alkylating agents: EMS (ethyl methane sulphonate)
Intercalating agents: acridines
Nitrosoguanidine

The steps
• Exposure of the microorganism to the mutagenic agents 
• Selection of mutants (pleotropic mutation, selection on selective medium 

in the presence of substrate or analogues)
• Screening

Mutation
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Replica plating 
technique
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Site-directed mutagenesis
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Protoplast fusion

•Bacillus subtilis and B. megaterium
•Streptomyces (S. coelicolor, S. acrimycini, S. olividans, S. 
pravulies)
•Geotrichum and Aspergillus
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Cloning
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Metabolic engineering

Production of isoleucine by Corynebacterium glutamicum, 

Production of ethanol by E. coli 

Use of lactose by Corynebacterium glutamicum (Whey)

Use of xylose by Klebsiella sp.
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