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▪ Sterilization: A defined process used to render a surface or product free 
from viable organisms, including bacterial spores. 

▪ Biocide: A chemical or physical agent, usually broad spectrum, that 
inactivates microorganisms. 

  Chemical biocides include hydrogen peroxide, alcohols, bleach, 
cycloheximide, and phenols 

  physical biocides include heat and radiation.  
   Chemicals could be : Fungicide, Sporicide, Germicide 
▪ Sanitization: reduces microbial numbers to safe levels (eating utensils) 

▪ Bacteriostatic: Substance that Inhibits bacterial reproduction 

▪ Bactericidal: Substance that kills bacteria 
▪ Preservation: The prevention of multiplication of M.O. in formulated 

products, including  pharmaceuticals and foods. 
▪ Antibiotics: Naturally occurring and synthetically derived organic 

compounds that inhibit or destroy selective bacteria, generally at low 
concentrations.

bacteriostatic bactericidal



 sterilisation == تعقيم 
Whenever we talk about micro-organisms, we later mention 

“including/excluding spore-forming bacteria”, why is that? 
-> they have a very strong protein coat resistant to protein 
degradation/denaturation,  & due to its cytoplasm containing 
dipicolinic acid and Ca2+ ions, and this complex gives it stability/
rigidity to withstand the hard environmental conditions and 
So it’s easier to sterilize bacteria than bacterial spores. 
 What do we mean by a “broad-spectrum” antibiotic? 

-> works on gram-positive, gram-negative, rods & cocci bacteria (a 
wide variety of types).  
-> for example, when a patient arrives to the ER with a UTI and all its 
symptoms (critical case; pain, dysuria…etc), we perform a C&S test on 
the bacteria to determine its type, but it takes 3 days and we can’t 
leave the patient in that state until we determine a suitable 
antibiotic, so instead the patient is given a broad-spectrum antibiotic. 
& then it is determined if the bacteria is affected by that given 
antibiotic (so the antibiotic is continued) and if not, another type of 
antibiotic is given. 
*C&S == Culture & Sensitivity
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Antibiotics: are used to eradicate microorganisms 
and reduce the effects of a pathogen in a human. 
They’re to be used as helpful agents to our immune 
system, but not all the time.  

Chemical biocides are sometimes used to sterilize 
wounds.  

٭ Hydrogen Peroxide: Highly oxidizing agents (burning 
substances) and therefore used in very low concentrations 
(<3%). It can bleach the skin and turn it white in color.  

٭ Bleaches (مبيضات)  

There isn’t one biocide that kills viruses, bacteria, 
and fungi altogether. 

٭ Fungicides == kill fungi 
٭ Virucides == kill viruses 
٭ Germicides == kill bacteria 
٭ Sporicides == kill spores
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 Sanitization == not killing the microorganisms entirely, but 
reducing/inhibiting them rendering the sanitized item safe-to-be-
used. 

٭ This amount differs from a bacterial type to another; e.g. some types need 
only 5-7 bacterial cells to be pathogenic, where as others may require 10^5 
or 10^10. (i.e. depends on the pathogenicity of a pathogen, a person’s 
immunity, physiological factors…etc). 

 Bacteriostatic vs. Bactericidal 
٭ Bacteriostatic substances do not kill a bacteria, only inhibit its 

multiplication, as opposed to Bactericidal substances. 
٭ Each type has its importance. 
٭ It’s not the antibiotic that kills the bacteria indefinitely, the immune system 

takes the job after that. So the use of either doesn’t create a difference.  

 Preservation: done with the use of physical or chemical agents/
factors. 

٭ Traditional techniques include: fermentation (e.g beers), sugaring, pickling. 
٭ They won’t spoil because the preservation methods alter the osmotic 

pressure on the bacteria therefore killing it. 
٭ However, it keeps bacteria in safe-to-be-used numbers. 
٭ E.g.: water varies from pure water, undrinkable water, drinkable water.
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We shouldn’t use any product beyond their 
expiry date, why is that? 
٭ Because all products contain small numbers of 

microorganisms, and beyond that expiry date their 
number increases and would cause food-poisoning. 

Antibiotics are important to be present at a 
low concentration but high enough to give the 
desired effect, otherwise they’d cause 
toxicity. 
٭ Naturally occurring antibiotics such as penicillin 

derived from the fungus penicillium chrysogenum.
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Sterilization: for this we use a device called the 
Autoclave (discussed later in the slides), same 
principle as a pressure cooker, has water inside & its 
steam performs the sterilization process. 

Commercial sterilization: same principle as 
normal sterilization, used to kill Clostridium 
Botulinum endospores 

٭ Clostridium Botulinum: very toxic bacteria, produces the 
neurotoxin botulinum and is the most potent toxin 
known.  

٭ An experimental process is performed to determine what 
substances were sterilized of Clostridium Botulinum; after 
sterilization a sample is taken and grown in an incubator, 
and if a colony grows it means the substance wasn’t 
sterilized well (cells died, but endospores have not & they 
undergo germination).
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Disinfection: destruction of vegetative  pathogens 
(not spores) 

Disinfectant vs. Antiseptics 
٭ Antiseptics are used on living cells while disinfectants are 

used on inanimate objects. 
٭ Recall: Alcohol has a dual function (both disinfectant & 

antiseptic)  

Degerming:  
٭ E.g. : removal of the normal flora from the site of infection. 

Utensils could be sterilized in different ways: high 
temperature washing in dishwashers, dipping in 
hydrates. 
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Actions of Microbial Control Agents

▪ Disruption of the Cell Membrane or cell Wall synthesis(either by 
inhibit the enzyme involved in cell wall synthesis or interfere with CW 
building block synthesis). E.g. penicillin interfere with transpeptidase 
and prevent the assembly of PG layer 

▪ Damage to proteins (disruption of the tertiary structure 
▪ of a protein or protein denaturation) 
▪ Damage to nucleic acids (include ionizing radiations, ultraviolet light, 

and DNA-reactive chemicals( e.g. alkylating agents and other compounds 
that react covalently with purine and pyrimidine bases). Ultraviolet light, 
induces cross-linking between adjacent pyrimidines on one or the other of 
the two polynucleotide strands, forming pyrimidine dimers



An antibiotic is toxic to the bacteria (prokaryote), not the host 
(unless given in large doses). 

The streptococcus bacteria: gram positive; has a thick layer 
of peptidoglycan which has resistant linkages & cross-linkages 

٭  the drug-of-choice for it is penicillin ever since discovery; it interferes 
with the transpeptidase enzyme which is responsible for the resistant 
cross-linkages, unlinking them & causing interruption in the cell wall 
rendering the bacteria cell-wall-less. 

Damage to proteins is achieved by affecting the ribosomes 
(small or large subunit) & protein synthesis, and since all bacterial 
enzymes are essentially proteins, it leads to the death of the 
bacteria. 

Recall:  
٭ Pyrimidine nucleic acids: cytosine & thymine. 
٭ Purine nucleic acids: adenine & guanine. 
UV light causes cross-links between thymine residues creating 

Thymine Dimers (i.e. instead of A-T linkages we’d get T-T) ! the 
genetic code would be altered ! faulty transcription & translation 
processes of proteins & enzymes  -required for maintaining the 
bacteria-.
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▪Disruption of Free Sulfhydryl Groups 
    Enzymes and coenzyme containing cysteine have side 

chains terminating in sulfhydryl groups. Such enzymes and 
coenzymes cannot function unless the sulfhydryl groups 
remain free and reduced. Oxidizing agents and heavy metals 
do widespread damage. 

▪  E. Chemical Antagonism 
    The interference by a chemical agent with the normal reaction 

between a specific enzyme and its substrate is known as 
chemical antagonism.  

    The antagonist acts by combining with some part of the 
holoenzyme (the protein apoenzyme, the mineral activator, or 
the coenzyme), thereby preventing attachment of the normal 
substrate.



Enzymatic chemical antagonism 
٭ E.g. antimetabolites such as sulfa-drugs. 
٭ bacteria require PABA (para-amino-benzoic acid) as a substrate to 

synthesize their own folic acid through a specific enzyme. Sulfa-drugs 
are very similar in structure to PABA, so the enzyme would react with 
the antibiotic instead,         1) stopping the folic acid synthesis and  

     2)causing the death of the bacterial cells. 

But why do sulfa-drugs affect folic acid synthesis in bacteria 
but not the host (human)? 

٭ Humans do not synthesize their folic acid, they only obtain it from food. 

Why do drugs that disrupt the bacterial cell wall not affect 
the human cells? 

٭ Humans cells do not have a cell wall. 

Why do drugs that affect protein synthesis in bacteria not 
affect the human cells? 

٭ Because bacterial ribosomes have a different structure from a human’s. 

{That’s exactly why an antibiotic is only toxic to 
the prokaryotic cells & not the eukaryotic.}
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(e.g. carbon monoxide and cyanide combine with the iron atom in heme-
containing enzymes and prevent their function in respiration). 

▪ Antibiotic Resistance  
▪ Mechanisms of antibiotic resistance  
▪ 1.Enzymatic destruction of drug  
▪ 2.Prevention of penetration of drug  
▪ 3.Alteration of drug's target site  
▪ 4.Rapid ejection of the drug  
▪ Resistance genes are often on plasmids or transposons that can be 

transferred between bacteria 

e.g. penicillin is degraded by a bacterial 
enzyme called penicillinase or beta-

lactamase

by modulation of the receptors that 
bind the drug

• Transposons == جینات قافزة
• Can insert on either the plasmid or the bacterial chromosomes, and transfer 

easily between bacteria
e.g. staphylococcus aureus were all sensitive to mycomycin (antibiotic) but now 

are resistant; this resistance was transferred from a different genus 
(pediococcus.? 34:10)

• Bacterial cells which are mycomycin sensitive have thinner walls than those 
resistant to it.
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The disk-diffusion method Antibiotic Susceptibility test 
 Kirby-bauer test determines susceptibility of an organism to a series of 

antibiotics or chemicals  
▪ Disk-diffusion method is used in teaching laboratories to 
evaluate the efficacy of a chemical agent. A disk of filter paper is 

soaked with a chemical and placed on an agar plate that has 
been previously inoculated and incubated with the test organism 

After incubation, if the chemical is effective, a clear zone 
representing inhibition of growth can be seen around the disk 

(Inhibition Zone) 



To test a bacteria’s sensitivity to an antibiotic we 
perform a C&S test (culture & sensitivity). 

٭ A common mistake patients do that causes the same infection 
to recur is stopping the antibiotic administration course once 
their symptoms improve. This leads to the pre-existing 
bacteria to become resistant to the effects of that same 
antibiotic. 

٭ Another common mistake is taking antibiotics upon any 
infection (mild be it or severe) or unnecessary causes, which 
weakens the immune system long-term because it becomes 
dependent on them. 
After 1) identifying the type of bacteria and 

obtaining a pure culture, 2) we create a suspension of 
it, and leave it for 2-6 hours to incubate until it’s 
turbid.  

٭ When a sensitivity test is performed all other factors that may 
affect the result (e.g. bacterial growth rate, agar’s thickness 
& type) are standardized to obtain accurate data regarding 
the bacteria’s sensitivity & resistance to that antibiotic.
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There’s a standard scale of turbidity called the McFarland Standard 
of Turbidity (could be 0.5, 1, etc..) (in which the numbers of bacteria 
are *10^8).  

The McFarland Standard is 0.5; so we look at our incubator and 
compare it with the 0.5 standard, if it’s more turbid we dilute it more, 
and vice versa. 

Then after matching the incubator to the McFarland Standard, a new 
layer is used called the Mueller-Hinton Agar, which allows for the 
diffusion of the antibiotic. 

1)A cotton swab is dipped in the suspension, then  
2)the Agar is streaked in all directions using the cotton swab to distribute 

the bacteria on the entire petri-dish, then 
3) It’s left for a minute to be absorbed into the Agar. 

Two ways in which antibiotics can be dispensed on the petri-dish: 
٭ As single discs: too much effort as for each disc you’ll need a separate 

petri-dish 
٭ As multi-discs: more efficient 
Then the petri-dish is stored overnight upside-down.
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Antibiotic Assays to Guide Chemotherapy 

Agar Disk Diffusion Method determines 
susceptibility of an organism to a series of 
antibiotics: Kirby-Bauer test



Correct way of disc dispensing: 
٭ As multi-discs 
٭ Maximum of 6-7 discs on one plate (The previous 

picture is a wrong practice bc it has too many discs) 
٭ Discs shouldn’t be close to each other; so inhibition 

zones don’t overlap. 
Each antibiotic disc should be at its standard 

concentration for patient use, (e.g. P-10 means 
Percentage 10 µg). 

The next day the inhibition zone is observed 
(in which there isn’t bacterial growth in that 
zone).  
٭ The larger the inhibition zone, the more effective an 

antibiotic is in killing the bacteria.  
٭ The inhibition zone depends on the concentration of the 

antibiotic disc.
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Bacteria could show sensitivity, resistance, or an intermediate 
reaction to different antibiotics^ 
But we only need the antibiotic the bacteria is sensitive to.
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Physical Methods of Microbial Control
▪Heat is very effective (fast and cheap).    
    Heat (used for media, food, glass wares)  
    Two types (moist and dry heat)  

▪Thermal death point (TDP): Lowest temperature at 
which all cells in a culture are killed in 10 min. 
▪Thermal death time (TDT): Time to kill all cells in a 

culture 
▪Decimal Reduction Time (DRT):  

Minutes to kill 90% of a population at a given T.



Petri-dishes must be sterilized before and 
after culture using the autoclave, so they’re 
safe to be disposed to the garbage. 

In hospitals other sterilization methods are 
used, e.g. an incinerator to sterilize 
disposable medical equipment.
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▪Moist heat  
▪Temperature of 100°C (Boiling) will kill bacteria, viruses, and fungi spores, 
but not spore forms of bacteria within 10 minutes in laboratory-scale cultures.  
▪A temperature of 121°C, pressure of 15 lb/sq inches for 15 minutes is used 
to kill spores. Steam is generally used, both because bacteria are more 
quickly killed when moist heat are used, and because steam provides a 
means for distributing heat to all parts of the sterilizing vessel. Autoclave: 
Steam under pressure, Most dependable sterilization method  
▪Prions (infectious proteins) need 134°C and NaOH solution for 4-5 h.  

▪Moist heat kill M.O. by denaturing of proteins(breakdown H bonds 
that hold 3-dimensional structures). 

 an autoclave uses the same temperature (121 
c) to sterilise all types of bacteria.

Used for 
15-20 mins

Highly resistant



Moist heat methods include: 
٭ Tyndallisation 
٭ Pasteurisation 
٭ Autoclaves 
٭ Boiling 
(in order) 

Moist heat is a more efficient sterilization 
method than dry heat 
٭ moist heat denatures proteins and dry heat only 

oxidizes them 
٭ and due to better distribution of the heat. 
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▪For sterilizing materials that must remain dry, 
circulating hot air electric ovens are available. 
because heat is less effective on dry material, it is 

    customary to apply a temperature of 160–170°C for 
1 hour or more.  

▪Under these conditions ( excessive temperatures 
    applied for long periods of time), heat acts by 

denaturing cell proteins and nucleic acids and by 
disrupting cell membranes.

4 hours on average
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Moist Heat Sterilization
▪Denatures proteins 
▪Autoclave: Steam under pressure, Most dependable 

sterilization method 
▪Steam must directly contact material to be sterilized.  
▪All microorganisms even spore forming bacteria are 

killed at 121.5°C for 15 min. 
▪Prion destruction:  

134°C for 4.5 hours

This creates an issue for 
when a bacteria is covered in 
a fatty substance; the steam 
cannot get through it, so it 
needs more time.
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Pasteurization

▪ Significant  number reduction (esp. spoilage and pathogenic 
organisms) → does not sterilize! 

▪ Moist heat method  
▪ Denaturation of proteins by breaking H-bonds  
▪ Historical goal(LOUIS PASTEUR): destruction of M. tuberculosis  
▪ Classic pasterization method: 63 C for 30 min  
▪ Flash pasteurization (HTST): 72C for 15 sec. Most common 

method (milk pasteurization). Thermoduric( heat resistant) 
organisms survive  

▪ Ultra High Temperature (UHT):140C for 4 sec. (liquid is sprayed 
with high T –steam under pressure then rapidly cooled 

First moist-heat method discovered.

UHT is better than HTST
UHT is also called High-Temperature Short-Time
Shocks the bacteria & kills it.
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Hot-air Autoclave

Equivalent treatments 170˚C, 2 hr 121˚C, 15 min

Dry heat sterilization kills by oxidation
▪Dry heat sterilization : For sterilizing materials that must remain dry, 
circulating hot air electric ovens are available. Because heat is less 
effective on dry material, we  Use to apply a temperature of  
                   160–170°C for 2 h.  
▪E.g. Flaming of loop  
▪ Incineration of carcasses (Anthrax, Foot and mouth disease, Bird flu)  
▪Hot-air sterilization  
▪Dry heat kill M.O. by oxidation 

1-2 hrs
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