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Introduction 

Catabolism and Anabolism 

• Metabolism is the sum of complex biochemical reactions within an organism. 

• Catabolic reactions (exergonic, release energy). They break down nutrient 

molecules and release energy stored in ATP molecules. 

 (produce precursor metabolites of anabolism) 

• Anabolic reactions (endergonic, require more energy than they release). They 

synthesize macromolecules [e.g. Synthesis of lipids for cell membranes from glycerol 

and fatty acids] and use ATP energy 

• Enzymes facilitate catabolism of nutrients into precursor metabolites,  
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Chemoorganoheterotroph  

Metabolism Overview: 

Oxidation; 
e- loss to 
acceptor 

Reduction; 
e- gain 
from donor 
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Oxidation and Reduction Reactions 

• Oxidation-reduction (redox) reactions involve the transfer of electrons. 

These reactions always occur simultaneously because an electron gained 

by one molecule is donated by another molecule. 

• O= oxidation =loss in electron, [L]; R= reduction = gain in electron, [G]) 

• The electron acceptor is said to be reduced 

• The molecule that loses an electron is oxidized.  

• If the electron is part of a hydrogen atom, the reaction is called a 

dehydrogenation reaction. 
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Electron carrier molecules 

Three electron carrier molecules that are often 

required in metabolic pathways are:  

 

i. nicotinamide adenine dinucleotide (NAD+),  

 

ii. nicotinamide adenine dinucleotide phosphate 

(NADP+), 

 

iii.  and flavine adenine dinucleotide (FAD). 
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ATP Production and Energy Storage 

• Energy = ATP production.  

• Substrate-level phosphorylation transfer of phosphate from a 

phosphorylated organic compounds to ADP to form ATP.  

• Oxidative phosphorylation phosphorylates ADP using inorganic phosphate 

and energy from respiration. 

•  Photophosphorylation is the phosphorylation of ADP with inorganic 

phosphate using energy from light. There is a cyclical conversion of ATP 

from ADP and back with the gain and loss of phosphate 
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The Roles of Enzymes in Metabolism 

• Catalysts increase reaction rates of 

chemical reactions but are not 

permanently changed in the process.  

• Enzymes, (organic catalysts), are often 

named for their substrates, which are 

the chemicals they cause to react.  

• Substrates fit onto the specifically 

shaped active sites of enzymes. (lock 

and key concept) 
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ENZYME CLASSIFICATION 

Enzymes are classified into six categories based on their mode of action:  

1. Hydrolases add hydrogen and hydroxide from the hydrolysis of water to 

split larger molecules into smaller ones;  

2. lyases split molecules without using water;  

3. isomerases form isomeric compounds;  

4. ligases or polymerases join molecules;  

5. oxidoreductases oxidize or reduce;  

6. and transferases transfer functional groups. 
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The Makeup of Enzymes 

• Many protein enzymes are complete in themselves.  

• Other enzymes are composed of apoenzymes—a protein 

portion—and one or more nonprotein cofactors.  

–  Inorganic cofactors include ions such as: iron, 

magnesium, zinc, or copper.  

–  Organic cofactors are made from vitamins and include: 

NAD+, NADP+, and FAD. Organic cofactors are also called 

coenzymes.  
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Enzyme Activity 

• Activation energy is the amount of energy required to initiate 
a chemical reaction.  

 

• enzymes are required to lower the activation energy needed.  

 

• The complementary shapes of active sites of enzymes and 
their substrates determine enzyme-substrate specificity. (lock 
and key) 

 

• In catabolism, an enzyme binds to a substrate, forming an 
enzyme-substrate complex, the bonds within the substrate are 
broken, the enzyme separates from the two new products, 
and the enzyme is released to act again. 



Enzyme Structure and Characteristics 



Enzyme activity inhibition 

• Enzymes may be denatured by physical and chemical factors 
such as temperature and pH, which change their shape and 
thus their ability to bond.  

• The change may be reversible or permanent. 

 

• The rate of enzymatic activity is also affected by the 
concentrations of substrate and enzyme.  

 

• Enzyme activity proceeds at a rate proportional to the 
concentration of substrate molecules until all the active sites 
on the enzymes are filled to saturation. 

 

• Enzyme activity may be blocked by competitive inhibitors, 
which block but do not denature active sites.  

 



Factors Affecting Enzymes 

• Temperature 

• pH 

• Acids/Bases 

• UV light 

• Concentration of substrates (saturation) 

• Inhibitors 



Allosteric inhibition 

• In allosteric inhibition, noncompetitive inhibitors attach to 
an allosteric site on an enzyme distorting the active site and 
halting enzymatic activity.  

 

• Feedback inhibition (negative feedback) occurs when the 
final product of a series of reactions is an allosteric inhibitor of 
some previous step in the series. Thus accumulation of the 
end product “feeds back” a stop signal to the process 



CARBOHYDRATE  CATABOLISM 

Glycolysis 

 

Alternatives to Glycolysis 

Cellular Respiration: 

1. Synthesis of Acetyl-CoA and the Krebs Cycle 

2. Electron Transport 

3. Chemiosmosis 

Fermentation 

 



Glycolysis 

• Glycolysis (the Embden-Meyerhof pathway) involves 

the splitting of a glucose molecule in a series of ten 

steps which ultimately results in: 

• two molecules of pyruvic acid 

• and a net gain of two ATP  

• and two NADH molecules.  

• The ten steps of glycolysis can be divided into three 

stages: energy-investment, lysis, and energy-

conserving 
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The 10 steps in Glycolysis 

Energy investment stage: p.136 Bauman 

• Step 1. Glucose phosphorylated by ATP to 

form glucose-6-phosphate 

• Step 2. The atoms of glucose-6-phosphate are 

rearranged to form fructose-6-phosphate 

• Step 3. Fructose-6-phosphate is 

phosphorylated by ATP to form fructose 1,6-

biphosphate 
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Lysis stage of glycolysis 

• Step 4. Fructose 1,6-biphosphate is cleaved  to 

form: 

 glyceralaldehyde 3- phosphate (G3P)  

 and dihydroxyacetone phosphate (DHAP) 

 

• Step 5. DHAP is rearranged to form another 

G3P 
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Energy-conserving stage of glycolysis 

• Step 6. Inorganic phosphates are added to the two G3P, and two NAD+ are 

reduced to form 1,3-biphosphoglyceric acid 

• Step 7. Two ADP are phosphorylated by substrate-level phophorylation to 

form 2 ATP in addition to 3-phosphoglyceric acid 

• Step 8 & 9. The remaining phosphates are moved to the middle carbons 

and a water molecule is removed from each substrate to form 

phosphoenolpyruvic acid (PEP) 

• Step 10. Two ADP are phosphorylated by substrate-level phophorylation to 

form 2 ATP. Two pyruvic acid are formed 
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Alternatives to Glycolysis 

pentose phosphate pathway (PPP) 

• Energy captured during this pathway is less than that 

of glycolysis  

• It produces precursor metabolites used in synthesis 

of nucleotides, amino acids, and glucose by 

photosynthesis.  

• It reduces 2 molecules of NADP+ to NADPH and nets 

a molecule of ATP from each molecule of glucose. 
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Primary functions of pentose phosphate pathway 

• The primary functions of this pathway are:  

 1. To generate reducing equivalents, in the form of NADPH. 

 

 2. To provide the cell with ribose-5-phosphate (R5P) for the 
synthesis of the nucleotides and nucleic acids.  

 

 3. to metabolize dietary pentose sugars derived from the 
digestion of nucleic acids  

 AND to rearrange the carbon skeletons of dietary 
carbohydrates into glycolytic/gluconeogenic intermediates 
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Pentose Phosphate Pathway (PPP) 
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Glucose metabolism by PPP 

• Glucose + ATP ----- glucose 6-phosphate 

 

• glucose 6-phosphate + NADP+ water ----glucose 6-phosphogluconic acid + 
NADPH 

 

• glucose 6-phosphogluconic acid + NADP+ ----- ribulose 5-phosphate + 
NADPH + CO2  

  

• ribulose 5-phosphate ------ ribose 5-phosphate + xylulose 5-phosphate  

 Ribulose 5-phosphate needed for synthesis of nucleotides 

 Xylulose 5-phosphate can yield glyceraldehyde 3-phosphate (G3P) that can 
involve in glycolysis 
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Glucose metabolism by PPP contd. 

• ribose 5-phosphate (Ri 5-P) ---- sedoheptulose 7-

phosphate + glyceraldehyde 3-phosphate (G3P)  

 Glyceraldehyde 3-phosphate involves in step 6 of 

glycolysis 

• sedoheptulose 7-phosphate (Se 7-P) ---- erythrose 4-

phosphate (involved in synthesis of amino acids) 

• Both Ri 5-P and Se 7-P can yield fructose 6-

phosphate and later glucose 6-phosphate that can 

involve in step 2, 1 of glycolysis. 
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The Entner-Doudoroff pathway 

• A few bacteria (gram-negative Pseudomonas 
aeruginosa and gram-positive Enterococcus faecalis) 
subsitute Entner-Doudoroff pathway (EDP) for 
glycolysis. 

• It catabolizes glucose to pyruvic acid (utilised in 
Kreb’s cycle for fermentation) using different 
enzymes from those used in either glycolysis or PPP 

• It yields precursor metabolites and NADPH, and a 
single molecule of ATP for each molecule of glucose 
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Entner- Doudoroff pathway 
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Cellular Respiration 

• Cellular respiration is a three-stage metabolic 

process that involves oxidation of substrate 

molecules and production of ATP.  

The stages of cellular respiration are:  

• synthesis of acetyl-CoA,  

• Krebs cycle,  

• and electron transport 
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Synthesis of Acetyl-CoA 

• Before pyruvic acid can enter Kreb’s cycle for aerobic cellular 

respiration it must be converted to acetyl-coenzyme A 

• Acetyl-CoA is an important molecule in metabolism, used in 

many biochemical reactions.  

• Acetyl-Coenzyme A (acetyl-CoA) is formed when two carbons 

from pyruvic acid join coenzyme 

• In this reaction: two molecules of acetyl-CoA, two molecules 

of CO2, and two molecules of NADH are produced.  
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Krebs Cycle  • Acetyl-CoA enters the Krebs cycle, a 
series of enzymatic steps that transfer 
energy and electrons from acetyl-CoA 
to coenzymes NAD+ and FAD.  

• The 6 steps in the Krebs Cycle are:  

1. Anabilism of citric acid 

2. Isomerization reaction 

3. Hydration reaction 

4. Redox reactions 

5. Decarboxylations 

6. Substrate –level phosphorylation 

• For every 2 molecules of acetyl-CoA 
that enter the Krebs cycle, two 
molecules of ATP, six molecules of 
NADH, and two molecules of FADH2 
are formed. 
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Electron Transport 
• The electron transport chain is a series of redox reactions 

that passes electron from one membrane-bound carrier to 
another and then to a final electron acceptor. 

• The energy from these electrons is used to pump protons (H+) 
across the membrane. 

• Ultimately ATP is synthesized. 

• The four categories of carrier molecules in the electron 
transport system are: 

1. flavoproteins,  

2. ubiquinones,  

3. proteins containing  

heavy metal,  

4. cytochromes. 
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Electron Transport 
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Final electron acceptors in  

cellular respiration  

• Aerobes use oxygen atoms as final electron 

acceptors in the electron transport chain in a process 

known as aerobic respiration,  

• Whereas anaerobes use other inorganic molecules 

such as sulfate, nitrate, and carbonate as final 

electron acceptors in anaerobic respiration. 
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Chemiosmosis 

• Chemiosmosis is a mechanism in which the 
electrochemical gradient across a membrane is used 
to synthesize ATP.  

• For example, energy released during the redox 
reactions of electron transport is used to pump 
protons across a membrane, creating a proton 
gradient. 

• A proton gradient is an electrochemical gradient of 
protons that has potential energy known as a proton 
motive force. When protons flow down their 
electrochemical gradient through protein channels 
called ATPases, ATP is synthesized. 
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ATP synthesis 

• ATP synthases (ATPases) are 

enzymes that synthesize ATP by 

oxidative phosphorylation and 

photophosphorylation. 

• Thus, there is a theoretical net 

yield of 38 ATP molecules from 

the aerobic respiration of one 

molecule of glucose via glycolysis, 
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Fermentation 

• The word equation for fermentation is 

 glucose + yeast ----- carbon dioxide + 
ethanol. 

• Fermentation must be carried out in the 
absence of air to make alcohol  

• If air is present, ethanoic acid is made 
instead of alcohol. 

• Fermentation is the partial oxidation of 
sugar to release energy using an organic 
molecule from within the cell as electron 
acceptor.  

• In lactic acid fermentation, NADH reduces 
pyruvic acid from glycolysis to form lactic 
acid.  

• So we have alcoholic and Lactic acid 
fermentation 
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In alcohol fermentation, 

pyruvic acid undergoes 

decarboxylation (CO2 is 

given off) and reduction by 

NADH to form ethanol 
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Fermentation Summary 

• Anaerobic 

• Cytoplasm 

• Partial Oxidation 

• Small amounts of ATP generated via substrate level phosphorylation 

• Organic intermediaries as final electron acceptors 

• End products 

– Acid: Lactic Acid, Acetic Acid, Butyric Acid, Acetone 

– Alcohol: Ethanol, Isopropyl 

– Gas : CO2, H2 

– Contaminants 

Ammar Algburi 



Summarizing carbohydrate catabolism 

• We have discussed glycolysis, pentose phosphate 
pathway, Entner-Doudoroff pathway, the Krebs 
cycle, and electron trasport 

• They generate all of the precursor metabolites and 
most of the ATP needed for anabolism 

• Most ATP is generated by oxidative phosphorylation 
via chemiosmosis utilizing the reducing power of 
NADPH and FADH2 
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Carbohydrate Metabolism 

Summary 
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Other Catabolic Pathways 

Lipid Catabolism 

• Fats are catabolized by lipases that break the 

glycerol-fatty acid bonds via hydrolysis. 

• Glycerol is converted to DHAP(dihydroxyacetone 

phosphate) to be catabolized by glycolysis and the 

Krebs cycle.  

• Fatty acids are catabolized by beta-oxidation 

reactions that form acetyl-CoA and generate NADH 

and FADH2. 
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Protein Catabolism 

• Protein catabolism by prokaryotes involves protease enzymes 

secreted to digest large proteins outside their cell walls.  

• The resulting amino acids move into the cell and are used in 

anabolism or deaminated to produce substrates for the Krebs 

cycle. 
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Catabolism of Macromolecules 
• Carbohydrates:  

– Some monosaccharides may require 
interconversion to glucose or other 
sugar intermediate. 

– C5 & C4 sugars to PPP. 

• Proteins: 
– Amino acid deamination and 

transamination. 

– Mostly enter pathways as carboxylic 
acid intermediates. 

• Nucleic Acids 
– Ribose sugar to PPP 

– Purines and Pyrimidines to component 
amino acids. 

• Lipids 
– Glycerol and fatty acids 

– Fatty acids to acetyl-CoA via β-
oxidation. 
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Nucleic Acids 

 

– Composed of chains of nucleotides (several 

thousands or millions of nucleotides) 

– Usually composed of 4 different nucleotides 

– Each nucleic acid molecule has its own order, or 

“sequence,” of nucleotides 

– The correct sequence of nucleotides is essential 

for the nucleic acid’s function 
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Nucleotide structure 

 

– A nucleotide consists of: 

• Nitrogenous base 

• Pentose sugar 

• Phosphate group 

– Nitrogenous bases:  

• Purines: adenine & guanine 

• Pyrimidines: cytosine, thymine (in DNA), & uracil (in RNA) 

– Pentose sugars: 

• Ribose (found in RNA) 

• Deoxyribose (found in DNA) 
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DNA: 

Deoxyribonucleic acid 
 

– Pentose sugar: 2’-deoxyribose 

– Nitrogenous bases:  

Adenine and Guanine (purines) 

Cytosine and Thymine 

(pyrimidines) 

– Structure is typically a double-

stranded helix 

– 5’ to 3’ (strands are anti-

parallel) 

– Nucleotide sequences of the 

strands are complementary to 

each other, A =T and C = G 
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RNA: Ribonucleic acid 

 
– Pentose sugar: Ribose 

– Nitrogenous bases:  

Adenine and Guanine (purines) 

Cytosine and Uracil (pyrimidines) 

– Structure is typically single-stranded (C to G; A to 

U) 

– An RNA strand can also form a double-stranded 

structure with a DNA strand; in this case, the U on 

the RNA = A on the DNA. 
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Types of RNA 

Genetic information copied from DNA is 
transferred to 3 types of RNA: 

 

  

• messenger (mRNA) is like a   
      Copy of information in DNA that is brought 
      to the ribosome where the information is   
      translated into a protein. 

 
• ribosomal (rRNA) is like a  
      The protein factories of the cells. 

 
 

• transfer (tRNA) are like a  
     Brings the amino acid to the ribosome.  
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Genetic Code 

• rRNA:  triplet code 

 

• mRNA:  codon (complimentary to triplet code 

of DNA) 

 

• tRNA:  anticodon (complimentary to codon) 
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Genetic Code 

• Codons: code for the production of a specific 

amino acid 

• 20 amino acids 

• Degenerative: more than 1 codon codes for an 

amino acid 

• Genetic Code is Universal (in all living 

organisms) 
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Overall function. 

 
– Genome: The entire nucleotide sequence of an 

organism; transmitted to offspring during 
reproduction 

– Deoxyribonucleic acid (DNA): DNA molecules 
serve as the genome for the proteins of all cellular 
organisms, both eukaryotic and prokaryotic. DNA 
also serves as the genome for certain viral groups. 

– Ribonucleic acid (RNA): RNA molecules serve as an 
intermediate in gene expression in eukaryotic and 
proyaryotic organisms, as well as some viruses. 
RNA serves as the genome for certain viral groups. 
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Nucleic Acid 

Function 
 

Gene Expression: 
 

Transcription & Translation 
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DNA Replication-occurs at the 

replication fork  

• 5’ to 3 ‘ 
• DNA helicase-unwined + parental DNA strand that is 

used as a template 

– Leading stand (5’ to 3’-continuous) 

 *DNA polymerase-joins growing DNA strand after 
nucleotides are aligned (complimentary) 

– Lagging strand (3’ to 5’-not continuous) 
*RNA polymerase (makes short RNA primer) 

*DNA polymerase (extends RNA primer then digests RNA primer and 
replaces it with DNA) 

*DNA ligase (seals Okazaki fragments-the newly formed DNA 
fragments) 
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DNA Replication in Detail: 
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Protein Synthesis 

 

• DNA------- mRNA------ protein 
      transcription                translation 

 

    Central Dogma 

        of Molecular Genetics 
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• Transcription: The sequence of nucleotides in a DNA 

molecule serves as a template for the synthesis of an 

RNA molecule; typically, only a small segment of the 

DNA is copied. This is the first step in gene 

expression. 
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Transcription: 
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The Genetic Code 

•Translation begins at the Start Codon 

(AUG) and proceeds codon by codon there 

after until a Stop Codon (one of three) is 

reached. 
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Translation (Protein Synthesis): 

• Translation: The sequence of nucleotides in an RNA 

molecule serves to direct the assembly of amino 

acids into a protein chain on a ribosome. This is the 

second step in gene expression. 
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Translation (Protein Synthesis): 

tRNAs only bind if “charged” with its correct amino acid 
(methionine) for start codon).   
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• The ribosome moves down the mRNA by one codon (3 nucleotides) to make 

room for addition of the next charged tRNA in what is called the ribosome A-site.  

• Once a second charged tRNA binds at the A-site, a peptide bond will form 

between the amino acid in the P-site and that on the tRNA in the A-site. 

• The “uncharged” tRNA will release from the P-site and, again, the ribosome will 

move down the mRNA by one codon. 
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• The process continues, codon by codon, adding amino acids to a 
growing polypeptide, until the ribosome reaches a Stop Codon. 

• No new amino acid is added by the stop codon, rather it facilitates 
the release of the last amino acid from its tRNA; thereby releasing the 

polypeptide. 

• Again the polypeptide may now fold into a functional protein. 
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The Central Dogma of Biology 
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Geno- and pheno- type 

• Phenotype 

– The appearance of an individual 

– Mutation in  phenotypic gene may cause a change 

in the phenotype. 

– Typically, more than one gene is responsible for a 

phenotype. 

• Genotype 

– The genetic makeup of an individual composed of 

one or more specific genes 
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Gene Transfer 

• Vertical gene transfer - Passing 

on genes to descendants (from 

parents to offsprings).  

• Horizontal gene transfer –  

transfer of genes from donor  

to recipient  

– Three types:  

• Transformation 

• Transduction 

• Bacterial Conjugation 

Increasing Genetic Diversity in Prokaryotes 
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Gene Transfer in Bacteria 

• Conjugation 

– A process of gene transfer from a living donor cell 
to a living recipient cell 

– Typically, the donor cell will possess conjugative 
structures (pili) on its surface that attach the 
donor cell to the recipient cell and transfer the 
plasmid. 

– For example: In E. coli, conjugation is mediated by 
the F pili that are encoded for by genes on the F 
plasmid. 
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Conjugation 

Ammar Algburi 



Gene Transfer in Bacteria 

Transduction 
• Transfer of genes from a donor cell to a 

recipient cell through a bacteriophage 
intermediate. 

• Bacteriophage: A bacterial virus 

• Bacteriophages  have either lytic stage or 
lysogenic stages or both of them in their 
developmental cycle 
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(Lysogenic) OR (Lytic cycle).  
Example: T4 phage of E. coli 
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Gene Transfer in Bacteria 

• Transformation 

– Transfer of isolated donor 

DNA (either chromosomal 

DNA fragments or plasmid 

DNA) to a recipient cell. 

 

– Successful transformation 

depends on the presence of 

double-stranded donor DNA 

molecules that are large 

enough, as well as cells that 

are competent for 

transformation 
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– Mutation: 

• Change in the nucleotide sequence of a gene, usually 

resulting from an error during DNA replication 
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Mutation types 

• Lethal mutation: results in death of the cell. 

• Conditional mutation: One that is expressed only under 
certain environmental conditions; for example, a 
temperature-sensitive mutation 

• Biochemical mutations: result in change in a 
biochemical pathway of the cell. 

• Spontaneous mutation: one that arises spontaneously 
due to error during DNA replication 

• Induced mutation: one that has been caused by 
damage resulting from chemical or radiation treatment 
(mutagen) 
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What’s it all about?  

Substrate  

                                   Process            Product  

Organism  

 

MONEY 
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Industrial Products and the 

Microorganisms 

• Industrial microbiology 

– Uses microorganisms, typically grown on a large 
scale, to produce products or carry out chemical 
transformation 

– Originated with alcoholic fermentation processes 
• Later on, processes such as production of 

pharmaceuticals, food additives, enzymes, and 
chemicals were developed 

– Major organisms used are fungi and Streptomyces 

– Classic methods are used to select for high-yielding 
microbial variants 
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Industrial Products and the 

Microorganisms 

• Properties of a useful industrial microbe include 

– Produces spores or can be easily inoculated 

– Grows rapidly on a large scale in inexpensive 

medium 

– Produces desired product quickly 

– Should not be pathogenic 

– Amenable to genetic manipulation 
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Industrial Products and the 

Microorganisms 

• Microbial products of industrial interest include 

– Microbial cells 

– Enzymes 

– Antibiotics, steroids, alkaloids  

– Food additives 

– Commodity chemicals 

• Inexpensive chemicals produced in bulk 

• Include ethanol, citric acid, and many others 
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Production and Scale 

• Primary metabolite 

– Produced during exponential growth 

– Example: alcohol 

• Secondary metabolite   

– Produced during stationary phase 
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Production and Scale 

• Secondary metabolites 

– Not essential for growth 

– Formation depends on growth conditions 

– Produced as a group of related compounds 

– Often significantly overproduced 

– Often produced by spore-forming microbes 

during sporulation 
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Production and Scale 

• Secondary metabolites are often large 

organic molecules that require a large 

number of specific enzymatic steps for 

production  

– Synthesis of tetracycline requires at least 72 

separate enzymatic steps 

– Starting materials arise from major 

biosynthetic pathways 
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Production and Scale 

• Fermentor is where the microbiology process 
takes place (Figure 15.2a and b) 

• Any large-scale reaction is referred to as a 
fermentation 

– Most are aerobic processes 

• Fermentors vary in size from 5 to 500,000 liters 

– Aerobic and anaerobic fermentors 

• Large-scale fermentors are almost always stainless 
steel 

– Impellers and spargers supply oxygen  
(Figure 15.2c) 
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Figure 15.3 
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Antibiotics: Isolation, Yield, and 

Purification 

• Antibiotics 
– Compounds that kill or inhibit the growth of other 

microbes 

– Typically secondary metabolites 

– Most antibiotics in clinical use are produced by 
filamentous fungi or actinomycetes 

– Still discovered by laboratory screening  
 

• Microbes are obtained from nature in pure culture  

• Assayed for products that inhibit growth of test 
bacteria 

Animation: Isolation and Screening  
                  of Antibiotic Producers 
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Figure 15.a 

I. Isolation 
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Antibiotics: Isolation, Yield, and 

Purification 

• Cross-streak method (Figure 15.4b) 
– Used to test new microbial isolates for 

antibiotic production 

– Most isolates produce known antibiotics 

– Most antibiotics fail toxicity and therapeutic 
tests in animals 

– Time and cost of developing a new antibiotic 
is approximately 15 years and $1 billion 

• Involves clinical trials and U.S. FDA approval 

• Antibiotic purification and extraction often 
involves elaborate methods 
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II. Testing Activity Spectrum 

Streak antibiotic producer 
across one side of plate 

Incubate to permit growth 
and antibiotic production 

Cross-streak with test organisms 

Incubate to permit  
test organisms to grow 

Antibiotic diffuses 

into agar 

Streptomyces cell mass 

Growth of test organism 

Inhibition zones where 

sensitive test organisms 

did not grow 
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Industrial Production of Penicillins and 

Tetracyclines 

• Penicillins are -lactam antibiotics 

– Natural and biosynthetic penicillins (Figure 15.5) 

– Semisynthetic penicillins 

• Broad spectrum of activity 

• Penicillin production is typical of a secondary 

metabolite 

– Production only begins after near-exhaustion of 

carbon source (Figure 15.6) 

– High levels of glucose repress penicillin production 
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Industrial Production of Penicillins and 

Tetracyclines 

• Biosynthesis of tetracycline has a large 

number of enzymatic steps 

– More than 72 intermediates 

– More than 300 genes involved! 

– Complex biosynthetic regulation (Figure 15.7) 
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Vitamins and Amino Acids 

• Production of vitamins is second only to 

antibiotics in terms of total pharmaceutical 

sales 

– Vitamin B12 produced exclusively by 

microorganisms 

• Deficiency results in pernicious anemia 

• Cobalt is present in B12 

– Riboflavin can also be produced by microbes 
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Vitamins and Amino Acids 

• Amino acids 

– Used as feed additives in the food industry 

– Used as nutritional supplements in 
nutraceutical industry 

– Used as starting materials in the chemical 
industry 

– Examples include 

• Glutamic acid (MSG) 

• Aspartic acid and phenylalanine (aspartame 
[NutraSweet]) 

• Lysine (food additives; Figure 15.9) 
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Amino acids 

• Amino acids such a lysine and glutamic acid 

are used as nutritional supplements and as 

flavor enhancers 

 

• Amino acid production is usually increased 

through the use of regulatory mutants or 

through the use of mutants that alter 

pathway architecture  
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Organic acids 

• These include citric, acetic, lactic, fumaric, and gluconic 
acids 

 

• Citric acid, which is used in large quantities by the food and 
beverage industry, is produced largely by Aspergillus niger 
fermentation in which trace metals are limited to regulate 
glycolysis and the TCA cycle, thereby producing excess citric 
acid 

 

• Gluconic acid is also produced in large quantities by A. 
niger, but only under conditions of nitrogen limitation; 
gluconic acid is used in detergents 
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• Specialty compounds for use in medicine 

and health—include sex hormones, 

ionophores, and compounds that influence 

bacteria, fungi, amoebae, insects, and plants 
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Biopolymers—microbially produced 

polymers  
• Polysaccharides are used as stabilizers, agents for dispersing 

particulates, and as film-forming agents; they also can be 
used to maintain texture in ice cream, as blood expanders 
and absorbents, to make plastics, and as food thickeners; 
also used to enhance oil recovery from drilling mud 

 

• Cyclodextrins can modify the solubility of pharmaceuticals, 
reduce their bitterness, and mask their chemical odors; can 
also be used to selectively remove cholesterol from eggs 
and butter, to protect spices from oxidation, or as stationary 
phases in gas chromatography 
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Biosurfactants 

• Biosurfactants are biodegradable agents 

used for emulsification, increasing 

detergency, wetting and phase dispersion, as 

well as for solubilization 

 

• The most widely used biosurfactants are 

glycolipids, which are excellent dispersing 

agents 
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Bioconversion processes—microbial transformations 

or biotransformations 

• Microorganisms are used as biocatalysts; 

bioconversions are frequently used to produce 

the appropriate stereoisomer; are very specific, 

and can be carried out under mild conditions 

 

• When bioconversion reactions require ATP or 

reductants, an energy source must be supplied 
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Enzymes as Industrial Products 

• Exoenzymes 

– Enzymes that are excreted into the medium 

instead of being held within the cell; they are 

extracellular 

– Can digest insoluble polymers such as cellulose, 

protein, and starch 

• Enzymes are useful as industrial catalysts 

– Produce only one stereoisomer 

– High substrate specificity 
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III. Alcoholic Beverages and Biofuels 

• 15.7 Wine 

• 15.8 Brewing and Distilling  

• 15.9 Biofuels 
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Wine 

• Most wine is made from grapes 

• Wine fermentation occurs in fermentors 
ranging in size from 200 to 200,000 liters 

– Fermentors are made of oak, cement, glass-
lined steel, or stone 

• White wine is made from white grapes or 
red grapes that have had their skin removed 

• Red wine is aged for months or years 

• White wine is often sold without aging 
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Brewing and Distilling  

• Brewing is the term used to describe the 

manufacture of alcoholic beverages from 

malted grains (Figure 15.14) 

• Yeast is used to produce beer 

• Two main types of brewery yeast strains 

– Top fermenting — ales  

– Bottom fermenting — lagers 

Ammar Algburi 



Ammar Algburi 



Brewing and Distilling 

• Distilled alcoholic beverages are made by 

heating previously fermented liquid to a 

temperature that volatilizes most of the 

alcohol (Figure 15.16) 

– Whiskey, rum, brandy, vodka, gin 

• >50,000,000,000 liters of ethanol are 

produced yearly for industrial purposes 

– Used as an industrial solvent and gasoline 

supplement 
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Biofuels 

• Ethanol Biofuels 
– Ethanol is a major industrial commodity chemical  

– Over 60 billion liters of alcohol are produced 

yearly from the fermentation of feedstocks 

(Figure 15.17a and b) 

– Gasohol and E-85 

• Petroleum Biofuels 
– Production of butanol 

– Synthesis of petroleum from green algae  

(Figure 15.17c) 
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Expressing Mammalian Genes in 

Bacteria 
• Biotechnology 

– Use of living organisms for industrial or commercial 
applications 

• Genetically modified organism (GMO) 
– An organism whose genome has been altered  

• Genetic engineering allows expression of 
eukaryotic genes in prokaryotes (e.g., insulin) 

• This is achieved by 
– Cloning the gene via mRNA (Figure 15.18) 

– Finding the gene via the protein (Figure 15.19) 
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Medical microbiology : definition 

• Medical microbiology is the study of 

microorganisms that case infectious disease in 

humans and their reactions to such infections. In 

other words it deals with etiology, pathogenesis, 

laboratory diagnosis, specific treatment and 

control of infection (immunization). 
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Divisions of medical microbiology 

• Bacteriology- study of bacteria that inhabit and/or 
colonize the human body and cause disease 

• Mycology- study of fungi as causative agents of human 
disease.  

• Parasitology- study of the human parasitic organisms 
(protozoans, helminths, nematodes, trematodes and 
arthropods).  

•  virology, the study of viruses that cause infectious 
syndromes in humans.  

• Immunology – the science which concerned with 
mechanisms of body protection against pathogenic 
microorganisms and foreign cells and substances. 
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CLASSIFICATION OF MICROORGANISMS  

  Protista                       Virus 

•                             DNA-viruses and RNA-viruses 

 

•  Eukaryotes          Prokaryotes 

• Fungi      Blue-green algae  

• Algae              Bacteria   

• Protozoa         Scotobacteria Photobacteria 

• Slime moulds       1. Class Bacteria 

                                2. Class Rickettsias  

        3. Class Mollicutes  
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Nature of microorganism 
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NORMAL FLORA 

• located mainly in the superficial layers and GI tract 

• Lower respiratory and upper urogenital racts are sterile 
normally, but susceptible to microbial “invasion”. 

• Contamination occurs when microbes come into 
contact with host surfaces. 

• During birth, the skin of a newborn infant is Colonized 
by organisms of mother’s urogenital 
tract…………..become the infant’s commensal. 

• In Oral Cavity, Many of the “normal” flora (e.g. 
Viridans streptococci ) are there….. but may cause 
infection. 
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Beneficial Effects of normal flora 

• Vitamin synthesis and bile pigment 
degradation provided by bacteria to the host 

• Resident microflora inhibit the of growth of 
potential pathogens 

• providing mechanical advantages : 

– Suppression of competitor’s adherence,  
– Antigen priming of the immune system, 

– Maintenance of low redox potential,  

– Bacteriocin secretion 
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NUMBER OF MICROORGANISMS 

IN COLLECTED SAMPLES 

 Nasal Washings             106 microbes/ml fluid 

Saliva                               108 microbes/ml 

Tooth Surfaces               108 microbes/ml 

Gingival crevices            1011-1012 microbes/ml 

• PROKARYOTIC cells outnumber EUKARYOTIC 

cells in the human body, by a factor of 10 to 1! 
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Physical and chemical defense mechanism 

• Normal flora. 

• Flushing effect: tears, urine, mucus 

• Gastrointestinal (GI) tract: low pH of stomach 

• Vaginal secretion : presence of lactobacillus 

(normal flora) 
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Nomenclature of microorganism 

• Each species has a generic and a specific 

name. The generic name is written with a 

capital letter, and the specific name – with a 

small letter. For example:  

• the anthrax bacillus – Bacillus anthracis;  

• the tetanus bacillus – Clostridium tetani. 
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Morphology of Bacteria 
• Bacteria are intracellular free-living organisms having 

both DNA and RNA. Their biological properties and 

predominant reproduction by binary fission relates 

them to prokaryotes. 

• Spherical (cocci) 

• Rod-shaped  

 (bacteria, bacilli, 

 and clostridia) 

• Spiral-shaped 

  (vibriones, spirilla, spirochaetes) 
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Spherical (cocci) 

bacteria 

1.Micrococci  

2. Diplococci 

3. Streptococci 

4. Staphylococci 

5. Tetracocci 

6. Sarcine 
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Representatives of pathogenic cocci 

1.Scanning Electron Micrograph of Streptococcus pneumoniae 
2.Scanning electron micrograph of a Staphylococcus aureus  

1 2 
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Rod-shaped bacteria 

• Bacteria (1) include those 

microorganisms, which, as rule, do 

not produce spores (E. coli, 

Salmonella, Shigella). 

• Bacilli (2) (B. anthracis) and clostridia 

(3) (C. tetani, C. botulinum) include 

organisms the majority of which 

produce spores.  

• Size of rod-shaped bacteria varies 2-

10 μm: small rods are 2-4 μm; long 

rods are 5-10 μm. 

1 

2 

3 
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ARRANGEMENT OF ROD-SHAPED BACTERIA  
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Rod-shaped bacteria  

Lactobacillus  

Ammar Algburi 



SPIRAL FORMS 

• Vibrios – are cells, which resemble a comma in 

appearance (curved rods). Typical representative 

of this group is Vibrio cholerae. 
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•Spirilla – are coiled forms of bacteria. Pathogenic species: 

Spirillum minus (1) – pathogenic for humans and 

transmitted through the bite of rats, rat-bite fever 

Helicobacter pylori (2) – causative agent of ulcer disease of 

stomach. 

1 2 
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SPIROCHAETES 

• Treponema – exhibits, thin, flexible cells with 6-14 

regular twists. The size of Treponema varies from 

10-18 μm (T. pallidum). 

• Leptospira – are characterized by very thin cell 

structure. The leptospirae form 12-18 regular coils 

(primary spirals) (L. interrogans) and C- or S- shape 

according secondary twist.  

• Borrelia – have large irregular spirals, the number 

of which varies from 3 to 10. (B. recurrentis, B. 

persica). 
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Spirochaetes – are flexuous spiral forms which include: 

Treponema (T.pallidum) (1), Borrelia (B.recurrentis) (2), 

Leptospira (L.interrogans) (3) 

1 

2 

3 
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BACTERIAL CELL 
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FLAGELLA  

Electron Micrograph of Bacteria with Flagella  
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CAPSULE 

Klebsiella pneumoniae Enterobacter aerogenes  

Ammar Algburi 



SPORE 

Bacillus megaterium  Bacillus anthracis  
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Cell wall 

• In addition to conferring rigidity upon 
bacteria, the cell wall protects against osmotic 
damage 

• Chemically, the rigid part of the cell wall is 
peptidoglycan 

• First described by Gram in 1884. It is' used to 
study morphologic appearance of bacteria. 
Gram's stain differentiates all bacteria into 
two distinct groups: 

a. Gram-positive organisms 

b. Gram-negative organisms 
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Microbes with deficient cell walls  

• Mycoplasma: a genus of naturally occurring bacteria 
which lack cell walls 

• L-forms: cell-wall-deficient forms of bacteria, usually 
produced in the body of patients treated with 
penicillin 

• Spheroplasts: derived from Gram-negative bacteria; 
produced artificially by lysozyme or by growth with 
penicillin or any other agent capable of breaking 
down the peptidoglycan layer 

• Protoplasts: derived from Gram-positive bacteria and 
totally lacking cell walls; produced artificially by 
lysozyme and hypertonic medium 
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Electron micrograph mycoplasma cells 

(1) and L-forms of Proteus mirabilis (2) 

1 2 
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Morphology of viruses 

• Do not possess cellular organization 

• Contain one type of nucleic acid 
either RNA or DNA  

• Lack enzymes necessary for protein 
and nucleic acid synthesis 
machinery of host cells 

• They multiply by complex process 
and not by binary fission. 

• They are unaffected by antibiotics. 

• They are sensitive to interferon. 
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Morphology of viruses 
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Morphology of Rickettsiae. 

• They are minute organisms having properties in 

between bacteria and viruses. 

• It contains both DNA and RNA. 

• Contains enzymes for metabolic functions. 

• Multiplies by binary fission. 

• It is coccobacilli, non-motile, non-capsulated and is 

Gram-negative. 

• Sensitive to many antibiotics. 

• Can multiply only inside living cells. 
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Morphology of Rickettsiae  
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Morphology of chlamydia. 

• Gram-negative.  

• They lack some important 

mechanisms for the 

production of metabolic 

energy 

• intracellular parasites.  

• There are2 morphological 

forms of chlamydia: 

• Elementary bodies 

• Initial bodies 
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Methods of laboratory diagnosis 

1. Microbioscopical  

2. Biochemical  

3. Antimicrobial 

sensitivity 

4. Serological 

5. Molecular biology 
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EPIDEMIOLOGY 

• Study of disease patterns and trends, 
of the occurrence, distribution and 
control of disease in populations. It 
also deals with disease tracking and 
prevention 
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Portal of infection entry 

• Respiratory tract- by inhalation  

• Elimentary tract- by ingestion 

• Genital tract – sexual intercourse 

• Skin – via abrasions or bite of insect 

• Other- conjuctiva, blood, ……etc. 
• Congenital – from mother to child 
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Type of transmission  

• Direct infection - movement of a pathogen 
from human to human 

• Indirect transmission - movement of a 
pathogen from human to soil, water or surface 
(contamination) 

• Zoonotic transmission - exposure of human to 
animal source of infection. 

• Elimination - the parasite is eradicated at the 
end of infection cycle. 
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MORBIDITY/MORTALITY 

• Morbidity - the number of cases (or the 
incidence) of a specific disease per unit 
population (cases per 100,000).  

• Mortality - the number of deaths due to a 
specific disease per unit population (deaths per 
100,000). 

• Prevalence -the number of cases of infection per 
unit of population at single point in time. 

• Disease incidence - the number of new cases of 
infection per unit of population over a specified 
period of time 
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DISEASE DEFINITIONS 

• Endemic Disease - not a typical pathogen for 
the region. 

• Outbreak- A cluster of cases in a specific area 
or a single household. 

• Epidemic - An increase in case incidence over 
a larger region, entire state or country. 

• Pandemic- An increase in incidence over a 
much larger area, several countries or a 
hemisphere. 
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PATHOGEN – DISEASE PAIRS 

 • Staphylococcus aureus – staphylococcal toxic shock syndrome 

• Streptococcus pyogenes – Strep sore throat 

• Streptococcus pneumoniae – otitis media and pneumococcal pneumonia 

• Neiserria gonorrhoeae – sexually transmitted infection 

• Neiserria meningitidis - meningitis 

• Legionella pneumophila – Legionairre’s disease 

• Bordetella pertussis – respiratory disease 

• Corynebacterium diphtheria - Diphtheria 

• Clostridium perfringens – Gas gangrene 

• Clostridium tetani - Tetanus 

• Salmonella typhimurium - Salmonellosis 

• Shigella dysenteriae – Bacillary dysentery 

• Vibrio cholerae - Cholera 

• Yersinia pestis – Bubonic plague 

• Treponema pallidum - Syphilis 

• Propionibacterium acnes - Acne 
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Sources of microorganisms in food 
The primary sources of microorganisms in food include: 

1. Soil and water 

2. Plant and plant products 

3. Food utensils 

4. Intestinal tract of man and animals 

5. Food handlers 

6. Animal hides and skins 

7. Air and dust 
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Factors Influencing Growth of Microorganisms in Food 

• intrinsic factors: Conditions naturally present 

in food termed 

• extrinsic factors: Environmental conditions are 

termed 
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Microorganisms in Food 

• Factors affecting microbial growth in food 

Intrinsic factors 

– composition 

– pH 

– presence and availability of water 

– oxidation-reduction potential 

• altered by cooking 

– physical structure 

– presence of antimicrobial substances 
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Microorganisms in Food 

• Factors affecting microbial growth in food 
Extrinsic factors 

– Storage temperature 
• low temperature (above freezing) enzymatic action is very 

slow or non-existent  

• Below freezing water availability is significantly decreased-
microbial inhibition 

– relative humidity 
• higher levels promote microbial growth 

– atmosphere 
• oxygen promotes growth (aerobic/ anaerobic microbes) 

– modified atmosphere packaging (MAP) 
• use of shrink wrap and vacuum technologies to package food in 

controlled atmospheres 
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Microorganisms in Food 

• Composition and pH 

– Putrefaction 

• proteolysis and anaerobic breakdown of proteins, 
yielding foul-smelling amine compounds 

– pH impacts make up of microbial community and therefore 
types of chemical reactions that occur when microbes 
grow in food 
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Microorganisms in Food 

• Water availability 

– in general, lower water activity inhibits microbial growth 

– water activity lowered by: 

• drying 

• addition of salt or sugar 

– osmophilic microorganisms 

• prefer high osmotic pressure 

– xerophilic microorganisms 

• prefer low water activity 
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Microorganisms in Food 

• Physical structure 

– grinding and mixing increase surface area and 

distribute microbes 

• promotes microbial growth 

– outer skin of vegetables and fruits slows microbial 

growth 
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Microorganisms in Food 

• Antimicrobial substances 

– coumarins – fruits and vegetables 

– lysozyme – cow’s milk and eggs 

– aldehydic and phenolic compounds – herbs and 

spices 

– allicin – garlic 

– polyphenols – green and black teas 
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Microorganisms in Food 

• Food spoilage 

– results from growth of microbes in food 

• alters food visibly and in other ways, rendering it unsuitable for 

consumption 

– involves predictable succession of microbes 

– different foods undergo different types of spoilage 

processes 

– toxins are sometimes produced 

• algal toxins may contaminate shellfish and finfish 

– Acid produced in yogurt, cheese and pickled vegetables 

inhibit growth of many spoilage organisms and foodborne 

pathogens 
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Causes of food spoilage  

• (a). Growth and activity of microorganisms          

Bacteria, yeasts and molds produce various 

enzymes that decompose the various 

constituents of food.  

• (b). Enzyme activity: start the decomposition 

of various food components.  

• (c). Chemical reactions:,e.g. oxidation of fat 

• d). Vermin. includes ants, rats, cocroaches, 

mice, birds, larval stages of some insects 

which transfer pathogenic agents and cause 

food spoilage 

•

Ammar Algburi 



Microorganisms in Food 

• Toxins 

– ergotism 

• toxic condition caused by growth of a fungus in grains 

– aflatoxins 

• carcinogens produced in fungus-infected grains and nut 
products 

– fumonisins 

• carcinogens produced in fungus-infected corn 
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Food preservation principles 

• Two general principles are employed in food 

preservation. 

–  (1). Inhibition priciple 

–  (2).  Killing principle 

• a combination of inhibition and killing 

principles and the various methods are used 

depending on the food type 
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(1) Inhibition principle 

The inhibition  principle can be achieved by any of the 

following methods: 

a) Reduction of water activity e.g. Addition high contents 

of salt (NaCl) or Sugar (monosaccharides, glucose) 

or by Drying (sun/air drying; electrical drying) 

b) Reduction in pH e.g. by addition of acids and 

fermentation 

c) Use of preservatives, e.g. sodium benzoate 

d) Use of low temperatures Chilling (cold storage 0-

15oC) and Freezing (0oC -35oC) 

e) Smoking – which has a drying and preservative effect 
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(2) killing principle 

1. Heat treatment: through pasteurization or sterilization 

2.  Irradiation with either ionizing or electromagnetic radiation 

e.g gamma rays. Radiations kill microorganisms by 

destruction of DNA and by creating toxic reactive 

compounds in a medium and in microbial cells 

3.  Use of gases: by use of ethylene oxide or ozone. The gases 

destroy both vegetative cells and spores. 
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Other Food Preservation Methods 

• Removal of Microorganisms may be achieved by 

filtration 

– commonly used for water, beer, wine, juices, soft 

drinks, and other liquids 

• Microbial Product-Based Inhibition (Bacteriocins) 

bactericidal proteins active against related species 

by: 

• Dissipation of proton motive force of 

susceptible bacteria 

• Making pores in plasma membranes 

• Inhibition of protein or RNA synthesis 
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Other Food Preservation Methods 

• Canning 
– food heated in special containers (retorts) to 115° C for 25 

to 100 minutes 

– kills spoilage microbes, but not necessarily all microbes in 

food  

– Spoilage of canned goods 

• spoilage prior to canning 

• underprocessing 

• leakage of contaminated water into cans during cooling 

process  
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Food-borne Illness 
• Food-Borne Infection 

– ingestion of microbes, followed by growth, tissue 
invasion, and/or release of toxins 

– Foodborne illness commonly caused by 

• Salmonella 

• Campylobacter 

• Escherichia coil O157:H7 

• Food-Borne Intoxications 

– ingestion of toxins in foods in which microbes 
have grown 

– Common causes of foodborne intoxication are 

• Staphylococcus aureus food poisoning 

• Clostridium botulinum Botulism 

•
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Food-borne Illness 

• Detection of Food-Borne Pathogens 

– culture techniques 

– immunological techniques - very sensitive 

– molecular techniques 

• probes used to detect specific DNA or RNA 

• sensitive and specific 
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Food-borne Illness 

• Detection of Food-Borne Pathogens 
– PulseNet 

• established by Centers for Disease Control 

• uses pulsed-field gel electrophoresis under carefully controlled 
and duplicated conditions to determine distinctive DNA pattern 
of each bacterial pathogen 

• enables public health officials to link pathogens associated with 
disease outbreaks in different parts of the world to a specific 
food source 

– FoodNet 
• active surveillance network used to follow nine major food-

borne diseases 
• enables public health officials to rapidly trace the course and 

cause of infection in days rather than weeks 
 

http://www.cdc.gov/foodnet/ 
http://www.cdc.gov/pulsenet/ 
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Fermented Foods 

• Alcoholic Beverages (such as wine) 

– Alcohol is produced from fermentation by the 

yeast Saccharomyces cerevisiae 

• Bread 

• Dairy Products 

• Other Fermented Foods 
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Fermented Foods 
• Wine 

– Produced from the fermentation of fruit juice, usually 

from grapes 

– The grapes are crushed to form a “must” 

• For white wines, white grapes are usually used, and 

the skins are removed from the must (“pressing”) 
before fermentation 

• For red wines, red or black grapes are used, and the 

skin is allowed to remain during fermentation 

• For rosé wines, red grapes are used and the juice is 

allowed to remain in contact with the skins just long 

enough for a rose or pink color to develop 
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Fermented Foods 
• Wine 

– The must undergoes primary fermentation 

• Natural yeasts on the skins of the grapes may be 
used, but in commercial production cultured yeast is 
often used to give  more predictable results 

• The amount of sugar in the must during fermentation 
is measured with a saccharometer (a calibrated 
hydrometer) 

• Malolactic fermentation by bacteria in the must 
converts malic acid into lactic acid 

• After primary fermentation, the must is pressed (red 
wines) and transferred to different containers for 
secondary fermentation 
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Fermented Foods 

• Wine 

– Secondary fermentation and aging 

• Takes 3 – 6 months 

• Done in either stainless steel vessels or in oaken 

barrels 

• The vessel is kept airtight to prevent oxidation 

• Proteins are broken down, & particles settle 

– Blending and bottling  
 

http://en.wikipedia.org/wiki/Winemaking 
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Fermented Foods 

• Bread 
– involves growth of Saccharomyces cerevisiae (baker’s 

yeast) under aerobic conditions 

– maximizes CO2 production, which leavens bread 

– other microbes used to make special breads (e.g., 
sourdough bread) 

– can be spoiled by Bacillus species that produce ropiness 

 

Ammar Algburi 



Fermented Foods 
• Yogurt 

– Milk is feremented by a mixture of Streptococcus 
salivarius ssp thermophilus and Lactobacillus bulgaricus 
(official name Lactobacillus delbrueckii ssp. bulgaricus). 
Often these two are co-cultured with other lactic acid 
bacteria for taste or health effects (probiotics). These 
include L. acidophilus, L. casei and Bifidobacterium 
species. 

– Acid produced from the fermentation causes the protein 
in the milk (casein) to coagulate into a semisolid curd 

– If you want strawberries or peaches, you must add them 
after the yogurt is made  
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Fermented Foods 
• Cheese 

– Milk is treated with lactic acid bacteria and an 
enzyme called rennin that partially hydrolyses 
the protein and causes it to coagulate into 
“curds.” The liquid portion of the milk at this 
time is called “whey.” 

– The whey is separated from the curds, and the 
curds are aged (“ripened”)  

– Different microbes in the early and late stages of 
processing give rise to cheeses with different 
characteristics 

http://www.realcaliforniacheese.com/ 
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Fermented Foods 

• Other fermented foods 

– Vinegar 

– Pickled vegetables 

– sausages 

– izushi – fish, rice, and vegetables 

– katsuobushi – tuna 
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Microbes Found in Air 

• Air is mainly it transport or dispersal medium for 
microorganisms  

• Gases, dust particles and water vapour and air 
contains of bacteria, fungi and algae, viruses and 
protozoan cysts. 

• Outdoor microflora: m.o. found outside the 
buildings such as Cladosporium and 
Sporobolomyces 

• Indoor microflora: m.o. found inside the 
buildings such as Penicillium, Aspergillus in 
addition to Staphylococci, Bacillus and Clostridium 

Ammar Algburi 



Distrubution of Microorganisms in Air 

• Microbes are mostly of soil that have become attached to 
dried leaves, straw or dust particles, being blown away by 
the wind. 

• More microbes are found in air over land masses than far at 
sea (spores Alternaria, Cladosporium, Penicillium and 
Aspergillus) 

• The dust and air of schools, hospital or rooms of patients 
with infectious bronchitistubercle bacilli, streptococci, 
pneumococci and staphylococci have been demonstrated. 

• The plant pathogens are also transported from one field to 
another through air and the spread of many fungal diseases 
of plants 
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Sources of Microorganisms in Air 

• Air is not a natural environment for microorganisms 

• Soil microorganisms when disturbed by the wind blow, 
liberated into the air and remain suspended there for a 
long period of time. 

• M.O. found in water may also be released into the air 
in the form of water droplets or aerosols. 

• Air may bring the m.o. (commensals or plant or animal 
pathogens) from plant or animal surfaces into air. 

• Human are the main source of airborne m.o. who 
discharged m.o. into the air by coughing, sneezing, 
talking and laughing. 
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microorganisms are discharged out in 

three different forms 

1. Droplet: usually formed by sneezing, coughing or 
talking. 

• consists of saliva and mucus and contain hundreds of 
m.o. -pathogenic if discharged from diseased persons. 

• The size of the droplet (mostly large) determines the 

2. Droplet Nuclei 

• Small size in a warm, dry atmosphere tend to 
evaporate rapidly and become droplet nuclei. 

• Remain suspended in air for hs or ds, traveling long 
distances (good source of infection). 
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microorganisms are discharged out in 

three different forms 
3. Infectious Dust - Large aerosol droplets settle out 

rapidly from air on to various surfaces and get dried 
(Nasal and throat discharges). 

• Disturbance of this dried material by bed making, 
handling and having dried in the patient's room can 
generate dust particles which add m.o. to the 
circulating air. 

• M.o. can survive for relatively longer periods in dust. 

• Infective dust can be produced during laboratory 
practices (opening the containers of freeze dried 
cultures or withdrawal of cotton plugs that have dried 
after being wetted by culture fluids) 
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Enumeration of m.o. in air 
none of these devices collects and counts all the microorganisms 

in the air sample tested 

1. Impingement in liquids 

• In this method, the air drawn is through a very 

small opening or a capillary tube and bubbled 

through the liquid.  

• The organisms get trapped in the liquid 

medium and then plated to determine its 

microbial content.  
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2. Impingement on solids 

• In this method, the m.o. are collected directly on 
the solid surface of agar medium.  

• Example : settling-plate technique- the simplest 

• In this method the cover of the pertridish 
containing an agar medium is removed, and the 
agar surface is exposed to the air for several 
minutes. A certain number of colonies develop on 
incubation of the petridish.  

• This technique does not record the volume of air 
actually sampled, it gives only a rough estimate. 
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3. Filtration:  

• The membrane filter devices are adaptable to 

direct collection of microorganisms by 

filtration of air.  

• The method is similar in principle to that 

described for water sampling. 
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History of Air Microflora 

• 1799: Lazaro Spallanzani attempted to 

disprove spontaneous generation.  

• 1837: Theodore Schwann (support the view of 

Spallanzani) introduced fresh heated air into a 

sterilized meat broth and demonstrated that 

microbial growth couldn't occur.  

• 1861:Pasteur showed that m.o. could occur as 

airborne contaminants. 
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Air Microflora Significance in Human 

Health 

• Air acts as a medium for the transmission of 
infectious agents. 

• Most of m.o. present in air are harmless 
saprophytes and commensals AND less than 1 
% of the airborne bacteria are pathogens. 

• Infection occurs when exposed to a high 
concentration of airborne pathogens. 

• Staphylococcus aureus is the most commonly 

• found pathogen in air 
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Air Microflora Significance in 

Hospitals 

• Air of hospital may act as a reservoir of pathogenic 
m.o. transmitted by the patients. 

• nosocomial infections and nosocomial pathogens 

• Common m.o. associated with hospital infection 
– Haemophilus influenzae,  

– Streptococcus pneumoniae, 

– Staphylococcus aureus,  

– Pseudomonas aeruginosa,  

– Enterobacteriaceae 

– Chlamydia pneumoniae and Mycobacterium tuberculosis 
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• As long as m.o. remain in the air they are of 
little importance but they become beneficial 
or harmful when transferred. 
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Significance of Microorganisms in 

Industries 

• Food manufacture: Microorganisms that have 
been transported through the air are involved in 
various fermentation products (alcoholic 
beverages, vinegar, dairy products, etc. 

• Spoilage of foods and fermentation products: 
M.o. are In industrial processes caused food 
spoilage when  

• Particular organisms are to be grown, to supply 
sterile air free from contaminating organisms is a 
considerable problem. 
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Sources of microorganisms in air 

• saprophytic soil organisms raised as dust, 

• organisms from body tissues introduced into 
the air during coughing, sneezing talking, and 
singing 

Airborne diseases are transmitted by two types 

(1) Droplet infection proper applies to, droplets 
larger than 100 μm in diameter. 

(2) airborne infection, and applies to dried 
residues of droplets. 
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Air Borne Microbial Diseases 

• Pulmonary Anthrax: Bacillus anthracis 

• Rheumatic Fever: S. pyogenes 

• Meningitis : Haemophilus influenzae 

• Tuberculosis: Mycobacterium tuberculosis 

• Cryptococcosis:Cryptococcus neoformans. 

• Blastomycosis: Blastomyces dermatitis 

• Coccidiodomycosis: Coccidioides immitis 

• Influenza: orthomyxovirus. 

• Measles: morbillivirus.  

• Mumps: Mumps virus 
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Physical Techniques 

A. Dust Control 

• Use of dry-vacuum pickup followed by the 

application of suitable disinfectant detergents 

solution. 

• Oiling floors, bedclothes, and other textiles 

has proved a highly effective dust control 

device. 
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B. Ultraviolet Radiation 

• Various types of germicidal lamps (250-260 

nm) are used, the most effective bactericidal 

region. 

• These radiations are irritating to human eyes 

and skin. 
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C. Laminar-airflow System 

• technique recommended for controlling 

indoor microbial population 

• The laminar airflow system is suitable device 

in electronic and aerospace industries. 
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Bactericidal Vapours (Chemical Agents) 

• Indoor air-borne microbes can be reduced by 

spraying certain chemical substances into the 

air such as propylene glycol, triethylene glycol, 

resorcinol, hypochlorous acid. 

• They should be colourless, tasteless, non-

irritating, and non-toxic chemicals 

• Great care is required for safe and efficient 

application of chemical agents 
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Air Sampling  

Why do Air Sampling? 

• Verification of ventilation and cleanliness 

– Establish baseline data 

• Post infection evaluation (outbreak investigation) 

– Rule out ventilation as a source 

– Discover source of infectious fungi (reservoir) 

• Construction, renovation, repair of certain buildings 

such as hospitals 

• Employee complaints 
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Microorganisms of the air 

Important Facts: 

• Air has no indigenous or native flora 

• Organisms are found temporarily suspended 

in air or carried on dust particles or droplets 

• Air is not sterile 

• Air does not support the growth of organisms 
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Before Microbiological  
Air Sampling… 

• Define your objective and analytical approach 

– Qualitative vs. quantitative 

• Compare indoor results  to counts from 

outdoor air 

• Fully describe the circumstances in the area 

where sampling is occurring 

• High volume sampling most efficient 
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Types of Air Samplers* 

A. 

B. 
C. 

A.  Impactor sampler 

B.  Glass impinger sampler 

C.  Sieve impactor sampler 
 

 

Ammar Algburi 



General Control of Air Borne Diseases 

• Good ventilation( dilutes organisms) 

• Avoid overcrowding especially in closed places 

• Isolation of patients with serious respiratory  
infections 

• Wearing masks 

• Spacing of beds or desks  

• Disinfect air ( HEPA Filters, UV hoods) 

• Vaccination 
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• High-efficiency particulate air filter  

• It removes 99.97% of all particles greater than 0.3 

micrometer from the air that passes through 

• HEPA filters are critical in the prevention of the 

spread of airborne bacterial and viral organisms and 

infection 

• Medical-use HEPA filtration systems  incorporate 

high-energy ultra-violet light units to kill off the live 

bacteria and viruses trapped by the filter media. 

 

HEPA Filter 
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HEPA Filter 
 

• It is composed of a mat 

of randomly arranged 

fibers. The fibers are 

typically composed of  

fiberglass .  

• These particles are 

trapped through a 

combination of the 

following three 

mechanisms: 

interception, impaction, 

diffusion. 
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Agar plates exposed to Air 
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Actinomycetes gram stained smear  

 

Gram +ve branching rods 
Ammar Algburi 


