Antiblotics

* Antimicrobial substances formed by microorganisms
that kill (e.g. bactericidal effect) or inhibit (e.g.
bacteriostatic effect) other microorganisms.
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1. Koch’s postulates
(The golden age of microbiology, 1857-1914)

2. Chemotherapy-selective toxicity
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3. Penicillin “accidentally” discovered
by Alexander Fleming (1928)

Sir Alexander Fleming (1881-1955) is famous as the discoverer of the antibiotic
substance lysozyme and for isolating the antibiotic substance penicillin from the
fungus Penicillium notatum.

For his achievements, Fleming was knighted in 1944 and shared the Nobel prize
for Physiology or Medicine in 1945.



4. Soll microorganisms
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e therapeutic dose (effect)
— drug level required for clinical treatment
e toxic dose (effect)

— drug level at which drug becomes too toxic for
patient (i.e., produces side effects)

e therapeutic index
— ratio of toxic dose to therapeutic dose

TD50 is the dose of drug that causes a toxic response in 50% of the
population and ED50 is the dose of drug that is therapeutically effective
In 50% of the population.
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Antibiotics can be divided into four groups
based on their biochemical mechanisms

1. those that affect the plasma membrane.

2. those that inhibit nucleic acid synthesis (nucleotides,
DNA, RNA)

3. those that inhibit protein synthesis (the ribosome)

4. those that inhibit the synthesis of cell walls

(peptidoglycan synthesis)
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Cell membrane inhibitor
antibiotics
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Nucleic acid inhibitor antibiotics

1. DNA inhibitors (such as the quinolones, acting upon DNA
gyrase as a topoisomerase inhibitors)
2. RNA Inhibitors (such as rifampin, acting upon RNA-

dependent RNA polymerase)
3. Antifolates (such as sulfonamides and trimethoprim, acting

upon folic acid biosynthesis enzymes)
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Nucleic Acid Structure

 The nucleic acids, DNA and RNA are polymers of nucleotides
— linked together by phosphodiester bonds
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DNA Forms

Figure 11.8 DNA Forms. (a) The DNA double helix of almost all
bacteria is in the shape of a closed circle. (b) The circular DNA
strands, already coiled in a double helix, are twisted a second time to
produce supercoils.
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JO1M Antibakteriella kinolonderivat

JO1M A Fluorokinoloner

Ofloxacin
JO1M AO1 Tarivid, Hoechst, tabletter 200 mg och 400 mg, infusions-

vatska 2 mg/ml

Ciprofloxacin .
JO1M A02 Ciproxin, Bayer, tabletter 100 mg, 250 mg, 500 mg och 750
mg, infusionsvitska 2 mg/ml

Enoxacin
JO1M A04 Comprecin, Parke-Davis, tabletter 200 mg

Norfloxacin - |
JO1M A06 Lexinor, Astra, tabletter 200 mg och 400 mg
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Protein inhibitor antibiotics

Lactone
group

% Figure 33.11 Erythromycin, a Macrolide Antibiotic. The 14-
member lactone ring is connected to two sugars.
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The Ribosome

Procaryotes, 70S ribosomes = 30S + 50S subunits
Eucaryotes, 80S ribosomes = 40S + 60S subunits

mitochondrial and chloroplast ribosomes resemble procaryotic
rlbosomes

peptidyl (donor; P) site, binds initiator tRNA or tRNA attached
to growing polypeptide (peptidyl-tRNA)

aminoacyl (acceptor; A) site, binds incoming aminoacyl-tRNA
exit (E) site, briefly binds empty tRNA before it leaves
rlbosome
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Termination: When the ribosome reaches a nonsense
codon (UAA in this example) on the mRNA, protein
synthesis is terminated.



Cell wall inhibitor antibiotics
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Penicillin inhibits its target protein
transpeptidase also known as
penicillin-binding protein (PBP) by
mimicking D-alanine-alanine
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B-lactam antibiotics Iinhibit
growing bacteria




R group of penicillin result in altered chemical and
physiological properties
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.

o]
| / e \ > CHs
CH—~C~NH—=CH=CH C\
- | -0 | "NCH,
Penicillin G C—N CH — COOH
v
High activity against most gram-positive 0 o
bacteria, low against gram-negative; Penicillinases attack here on
destroyed by acid and penicillinase the B-lactam ring.
i
Penicillin vV O—CH—C—
More acid resistant than
penicillin G
i
Ampicillin '
P CH—C—
Active against gram-positive and I'!lH
gram-negative bacteria; acid stable 2

o]
Carbenicillin CH — Icl; —_
Active against gram-negative bacteria éOONa

like Pseudomonas and Proteus;
acid stable; not well absorbed by
small intestine

OCH,
0
Methicillin g .
Penicillinase-resistant, but less
active than penicillin G; OCH

acid-labile



Antibiotic Sensitivity Testing

Disk Diffusion Tests

- disks impregnated with
specific drugs are placed
on agar plates
Inoculated with test
microbe

Effectiveness
— minimal inhibitory
concentration (MIC) oot oo o @ w w we e e e e
.
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Resistance to antibiotics is divided into
natural resistance and acquired

resistance

an increasing problem

once resistance originates in a population it can be
transmitted to other bacteria

resistance mutants arise spontaneously and are then
selected

Resistance to antibiotics can be acquired by
mutation or recombination (e.g. plasmids).
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Mechanisms of Drug Resistance

detoxification of the antibiotic (modification or inactivation of
the active substance)

changes in the target structure

alternative target structure (enzymes)
Increased amount of enzyme or substrate
alternative synthesis route

changes in the permeability
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Transmission of Drug Resistance
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Preventing emergence of drug resistance

Outpatient prescription
of antibiotics

Y

Community settings
with close personal
contact: crowded
households, childcare
facilities, schools, jails

|
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Inpatient prescription
of antibiotics

Use of antibiotics in
animal feeds on farms

(™

\ [

:

Hospitals, nursing

facilities

homes, long-term care

Processed food enters
human food chain;
environmental
contamination with
antibiotics

Yy

1. reduced use of antibiotics
2. sensitivity tests
3. other kinds of treatment

Antibiotic selective pressure

Inappropriate prescribing practices
Unregulated sale of antibiotics
Failure to complete courses of antibiotics

Use of suboptimal antibiotic dosages

Use of antibiotics as animal growth enhancers

4. give drug in high
concentrations

'

5. give two or more drugs at
same time

6. continued development of
new drugs

Genetic factors

Horizontal transfer of antibiotic-resistance genes
among strains from the same or different species
Clonal dissemination of strains with unique survival
advantages in addition to antibiotic resistance

'

Spread of antimicrobial-resistant bacteria in the community
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