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Bacterial Protein Synthesis

Prokaryotic Ribosome Eukaryotic Ribosome

" 708

508 N

subunit 80S
subunit i 8%
ﬁ\zgiRNA w RNA
* | 4 '

308 16S RNA 408 18S RNA

subunit P subunit Py,
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**The basis for selective toxicity in cell wall inhibitors is that they are able to target bacterial cell wall
which isn’t existing in human cells .However, with protein synthesis inhibitors, we have a little bit of
problem, why?

Firstly, we target bacterial protein synthesis because it is essential biochemical process required for
survival of bacteria (if the bacteria isn’t able to synthesis their own proteins, the bacterial cell will either
go into growth rest or it will die),so that’s the main cause of why we developed protein synthesis
inhibitors.

** Protein synthesis inhibitors are effective antibiotics ( very wide uses ) The problem is : protein @
synthesis in general as a process isn’t limited for bacteria only, it occurs both in prokaryotic bacterial
cells and Eukaryotic human cells and there is a risk of lowered selective toxicity .(2)

G —

Protein synthesis inhibitor have ADE more than cell wall inhibitor
Fwrs)\ oo oﬁ?“_\(h‘ < k_‘o;,n
Maoism 3 BN 2 “

celuwall 3 specibic ¥,

\mi- T
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tRNA with first large ribosomal
amino acid subunit

small ribosomal

subunit

UAC ( | ) Components

anticodon are recycled.
MRNA
5'lllllIIlllllllllllllllllll]l3'
AUG
start codon stop codon
SkPO INITIATION ELONGATION TERMINATION

Transitional complex forms, and tRNAs bring amino acids one by Release factor recognizes stop codon,
tRNA brings first amino acid in one to add to polypeptide chain. translational complex dissociates, and
polypeptide chain to bind to start completed polypeptide is released.

codon on mRNA.

release
factor

completed
polypeptide
B 2 o
— —
5'IIIIII il 1 1 1 1 1 5'llllllll 3'

stop codon
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**Protein synthesis is required a machinery that composed of : ribosome (large subunit 50s , small
subunit 30s) , mRNA ( which carries the code for the protein to be synthesized ) , tRNA (which have
anticodon that is responsible to bind to the codon in coding the AA in the mRNA ), initiation and
elondation factors that also help in the process.

*Protein synthesis is an energy dependent process, its required lots of energy (anabolic
process) ,Steps of protein synthesis :

1)Initiation : it starts by the assembly of the protein synthesis complex ( initiated by binding of tRNA
with start codon (AUG) and that’s recruit the binding of small and large subunits to mRNA.

2)Elongation : which is energy dependent , the growing peptide enters certain site in the large
subunits of ribosome which called growing polypeptide site (P site) ,while new tRNA enters the A
site . during elongation , it happens a shift on mRNA whenever put a new AA on polypeptide by
transpeptidation reaction .

3)Termination : release factor binds to stop codon on mRNA resulting in disassembly of the ribosome
RNA complex and release of completely synthesized polypeptide So we have multiple target in the
protein synthesis machinery that we can target with the drug .



Tetracyclines
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Tetracyclines

Y O\R)s

OH O HO (I')l O O TETRACYCLINES

NH, Demeclocycline DECLOMYCIN
@2 Doxycycline VIBRAMYCIN

HO \ Minocycline MINOCIN
PN . c e
Tetracycline— -~

e il ole @Gy l .J”w'ds“.‘g«;

Yylov o

Tetracycline

as g2t
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Tetracyclines

Aminoacyl-tRNA

) Taak )\
Mechanism of action 9%

-bind reversibly to the 30S

subunit of bacterial

ribosomes

-prevent the binding of Tetracyﬂmess
ta the30

tRNA to the mRNA- ettt

. prevent binding
ribosome complex 56 1 Soy  [oftRNAtomRNA. \_

Prevent assembly of tRNA to
mRNA ribosom » ..., . Lo TXNa J)
w::\.l.J 2 22J 3 R

0 ‘ ° o . ')
o~ - LoD & ol u
o 5y P L T
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Tetracyclines

Antibacterial spectrum
e Bacteriostatic — [Because of reversible binding

 Effective against gram-positive, gram-negative, protozoa, spirochetes,
atypical, etC [¥s+gram ¥ .2 atypical JI

Commonly used for the treatment of: vos' of ore = el 27
, 1. Acne (doxycycline) =%
oypict

Peptic ulcer disease (tetracydine) H.pylori which is the bacteria responsible of peptic ulcer
disease

Lyme Disease (doxycycline) lyme disease is caused by spirochetes called Borrelia burgdorferi

— ?(Chlamydia) (doxycycline) chlamidy can cause sexually transmitted infection and eye infection
3
4
5

Mycoplasma Pneumonia (doxycycline)

? Y J cause type of lung infection specially in young adult
: I lesww §
albypic =
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LYME DISEASE

@ This is a spirochetal infection caused by
Borrelia buradorferi. The disease is
transmitted by the bite of infected ticks.

@ Infaction results in skin lesions, headache,
and fever, followed by meningoencephalitis
and, eventually, arthritis.

G A bull’'s-eye pattern rash with a red outer
ring, called erythema migrans is a hallmark

of Lyme disease

@ Doxycyciine is one of the preferred
therapeutic options.

MYCOPLASMA PNEUMONIAE

® Mycoplasma pneumoniae, or walking
pneumonia, is a common cause of
community-acquired pneumonia in young
adults and in people who live in close
confines, such as in military camps.

® Treatment with a macrolide or doxycycline
is effective.

Gram (+) cocci

Staphylococcus aureus
(Including methicifit-
resistant strains)

atreptococcus pneumeoniae

Gram (+) bacilli

hracls

Gr

Gram (=) rods

Brucella specles®

Yibrio cholerae
Yersinla pestls

Intracellular bacteria are generally more difficult to
treat compared to extracellular bacteria. This is
because intracellular bacteria reside inside host cells,
where they are protected from the immune system and
difficult for antibiotics to reach. Some examples of
bacteria that are known to be intracellular and can be
challenging to treat include -

CHOLERA

® Cholera is caused by Vibrio cholerae
ingested in fecally contaminated food or
water,

® The organism multiplies in the gastro-
intestinal tract, where it secretes an
enterotoxin that produces diarrhea.

® Treatment includes doxycyclfpe, wI)ic!l
reduces the number of intestinal vibrios, '-H‘AC’\DM" -

Cun> @b

C‘/( and fluid replacement.
, 1

b > o W2 QUi 5 b1 &

*{atetracycline + gentamicin)

Clostridium perfringens
Clostridiumtetanl
Borrella burgdorferl

Leptospira Interrogans
Treponema pallidum

Mycoplasma

My coplasma pneumonla

pneumoniae
Chlamydia specles 4‘2

CHLAMYDIAL INFECTIONS

® Chlamydia trachomatis is the major cause
of sexually transmitted disease in the
United States. it causes nongonococcal
urethritis, pelvic inflammatory disease,
and lymphogranuloma venereum.

® Chlamydia psittaci causes psittacosis,
which usually takes the form of pneumonia.
Other dlinical forms include hepatitis,
myocarditis, and coma.

® Doxycyciine or azithromycin is used to
treat chlamydial infections.

a e
a
Other |

ROCKY MOUNTAIN SPOTTED FEVER
@ This disease, causad by Rickettsia

rickettsii, is characterized by fever,

chills, and aches in bones and joints.

@ Response to tetracyclines is prompt if
the drug is started early in the disease
process.

12/7/2023
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’-,,""5’ 2 “"_'/ AN B-lactamases, for example, are enzymes
P wol\ ivh le\":l.y_ that can break down B-lactam antibiotics,
o . : G > including the commonly used protein
. o synthesis inhibitors such as penicillins and
Tet ra CyC | | n e S cephalosporins. These enzymes hydrolyze
the B-lactam ring in the antibiotic,
rendering it ineffective in inhibiting
bacterial protein synthesis.

Mechanisms of resistance 6
. Betlracﬁ:lsilnes \ / « fluoroquinolones
* B-lactams
\ i Efflux pUI Ilp (I IIOSt « macrolides

common) pump the drug out of the cell.

Z » Enzymatic inactivation of

the drug - -ﬁ}maé\i\ﬂ- J\ng (f.)“"’

> Interfering with binding to
ribosomes — f5F g i

» Target modification

« fluoroquinolones

H H Inactivation of « rifamyci
I e Cross-resistance IS not e LA
« aminoglycosides * B-lactams
. lid . lid
common Sfiamycine s e

that’s mean resistance to one tetracycline doesn’t confer universal
resistance to all tetracyclines, and development of cross resistance

may be dependent on the mechanism of resistance . Wolters Kluwer
- P o™



Tetracyclines

Pharmacokinetics
Absorption
* Oral
* Adequately absorbed
el absorption when
administered with dairy (high \t reflect how much of ¢

drug is absorbed after

Catlon S) 9 fO m ath N Of oral administration
nonabsorbable chelates

Administration of tetracyclines with dairy products(high Ca) or
other substances that contain divalent and trivalent cations
(ex :Mg ,Ca, Al,or iron supplements) decreases absorption ,
because they form insoluble comple *

oP\wi:ﬁ\de/ LS9 pr\ww\,wwﬂm}r p b Ry,

== - QMJ!‘(AJU\—’J\AS' e M3 CAJ“‘J\ = ¢

It will happen an adequate
absorption ,reaching to peak in
plasma, then it happens
metabolism and excretion

ien 28, S s

On empty stomach

Plasma concentration of tetracycline {ug/mL})

1 —
|
& p
“With Al{OH), antacid
0 With mi Im
0 A7 M\ 2 | '
5 10
ﬁ Hours after administration
= of a tetracycline
y
Administration of tetracycline with milk is interfere with
2’3') 0’ absorption of it ,resulting in low con.c of drug in plasma
J} ,and the same when give anti acid .

General idea : tetracyclines shouldn't given with dairy
nroduct



tetracyclines are concentrated in bones

and teeth because they have high content of Ca ,and
this actually create a problem because imagine that

! you give tetracyclines to child that still has bone
Tet ra CyC | | n e S clacification.,this lead to bone malformation ,so
tetracyclines are contraindicated in children younger
than 8years

. . [ Do fine and mj 1
Pharmacokinetics i it

. . . concentrations in CSF
Distribution ...

 Distribute well in body fluids, including
CSF [we don’t use it for meningitis test]

* Bind to tissues undergoing calcification
e.g., bones, teeth. “can use it in booes/tecth infedHo Doxycycline glu-

curonide is excreted

j7® * Cross placenta and deposit in fetal bones via bile
o o . contraindicated in pregnant women
Elimination

* Tetracycline eliminated unchanged in
urine

* Doxycycline eliminated in bile/feces

¥ Doxycycline
Minocycline

bile, metabolized
glucuronides, and
excreted in urine

Tetracyclines

¥ Other types of tetracyclines undergo )
normal hepatic metabolism into inactive metabolites which then eliminated by renal execration. . Wolters Kluwer



Alteration of gut microbiota: Tetracycline has a broad-
spectrum antibacterial effect, which means it can also e’ weaf
affect the normal gut microbiota, the beneficial bacteria flora
that reside in the gastrointestinal tract. Disruption of the
natural gut flora can lead to changes in the

| et ra CyC | | n e S gastrointestinal environment and increase the risk of

gastric irritation and inflammation.
Aysb Gl 35V ) &

ds)

Irritation is minimized through *"W 3
Adverse effects coadminstration With food other th'én J V
* Gastric discomfort:  aineroduct{etracyclindshould be Ay

taken on an empty stomach always. P

£
g y e
£ Y 4

o

-irritation of gastric mMuCcosa Temeseineaes Gopog
-esophagitis if irritation is severe

Gl disturbance Deposition of

 Effects on calcified tissues Lo sones

-deposited in tissues undergoing

calcification, e.g., bones in children.

dental h lasi characterized by discoloration of teeth
-aental nypoplasia g4 usually mal Growth

-growth problems
-pediatric use is limited
b\
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they increase the sensitivity of skin to |l
sun light so we recommended patient [\
to use tetracyclines with sun

Tet 'd CyC| | NE@S |protection and avoid unnecessary

avoid to sun light

)
Adverse effects V v
* Hepatotoxicity ' ®
* Phototoxicity:

-severe sunburns (recommended RiEEElte Raotptoricity
to wear sun protection)

 Vestibular dysfunction: V
-dizziness, vertigo, tinnitus

* Pseudotumor cerebri racehy

Vertigo Avoid in pregnancy
dizziness
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1) Hepatotoxicity :Rarely hepatotoxicity may occur with high doses , particularly in
pregnant women and those with preexisting hepatic dysfunction

2) Phototoxicity : they increase the sensitivity of skin to sun light so we recommended
patient to use tetracyclines with sun protection and avoid unnecessary avoid to sun light

3) Vestibular dysfunction : cochlea and the vestibule of the inner ear are responsible for
hearing and balance , tetracyclines may effect of their function and this result in
Dizziness , vertigo , tinnitus

4) Pseudotumor cerebri: CSF circulate within CNS through chambers ventricles and spinal
canal of spinal cord and , that is closed system In case that volume of CSF is increased or
obstruction happened that result in increase intracranial hypertension .

€,Seuxolo\ruwvxo(‘ %

] [!la‘/,J G—JJL>

Pseudotumor cerebri, also known as idiopathic intracranial hypertension (lIH), is a
condition characterized by increased pressure within the skull. Despite the name, it is not
a tumor but rather a condition that mimics the symptoms of a brain tumor. -

The exact cause of pseudotumor cerebri is unknown, but it is believed to be related to an
abnormal accumulation of cerebrospinal fluid (CSF) within the skull, leading to increased
pressure on the brain. This condition primarily affects overweight women of childbearing
age, but it can also occur in men and children.

Symptoms of pseudotumor cerebri can include severe headaches, ringing in the ears
(tinnitus), blurry or double vision, temporary loss of vision, neck and shoulder pain,
nausea, and papilledema (swelling of the optic nerve, visible during an eye examination).



Tetracyclines

whet?

IBecause of teratogenic |4

Contraindications

1. Preghant women
2. Breast-feeding women

3. Pediatric age group <8 years

-
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Glycylcyclines

AL

——
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Tigecycline

*'very broad specrtrum|

N(CH3z), H H ';J(CHs)z

OH

* Derivative of minocycline

* Same mechanism of action
as tetracyclines

e Similar mechanisms of
resistance

OH
OH O 0]

Tetracycline (59) Minocycline (60)
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Tigecycline

Antibacterial spectrum

* Effective against MRSA

e Effective against multi-drug resistant streptococci

* Effective against vancomycin-resistant enterococci (VRE)
* Effective against ESBL gram-negative bacteria

e Effective against Acinetobacter spp

* NOT effective against Pseudomonas
Loreh Jb oo

—
L

kept as last options to treat a resistant
infections

0 .
12/7/2023 Copyright © 2018 Wolters Kluwer « All Rigl| W s\ o—av s \PUA(YY W 2o MRSA Jlgpien o -s Kluwer



Aminoglycosides

12/7/2023 Copyright © 2018 Wolters Kluwer * All Rights Reserved ‘_ﬂ Wolters Kluwer



Aminoglycosides - owe 2wes

OH T AMINOGLYCOSIDES
2
HO— 0 » OH i )\NHZ - Amikacin
N 9 OH (e —Gentamicin GARAMYCIN
OH CHs Streptomycin - sy T

Tobramycin TOBREX

r.f‘ Cystic fibrosis (CF) is a genetic disorder that primarily
affects the lungs

geleadcn X

used for treatment of respiratory infections specially those caused
by p.aueruginosa
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_.\9—* )
“’/M‘w tetr_acycllnes _and '
<« | Aminoglycosides are bind
with 30s ribosome but in

A m | n Og | yCOS | d es different binding site And the

result of binding also differs

.

Mechanism of action

Aminoglycosides bind to the 305

o Ri 1 1 subunit, distorting its structureand
Bind to 30S ribosomal subunit i L LD

* Interfere with assembly of the ®
functional ribosomal
apparatus

* Cause the 30S subunit of the
completed ribosome to
misread the genetic code

(G“d ba & phe  e20 oi'fu.ﬂ Wipg e Vileseme 3t 455 131

®

=CGG UAAwan

mRNA
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Determinants Of Rational Dosing

o (it 32 925% Concentration-dependent antibiotics i

Cru
\ Parameters of Interest
*Coas / MIC ratio
MIC ratio

Mehubelsis

4

C. Postantibiotic effect =
persistent suppression of

microbial growth that

Aminoglycosides — Eris

it antibiotic )
below the MIC MIC | ——

Concentration

Antibacterial spectrum 22

e Bactericidal

A4 Wt . . - +he MIC
Al w,&u}_,a.-uﬂ8+elg_+"“‘* the M

Concentration-dependent - ¢ #~¥

Ale 0 o

Exhibit PAE post anti biotic effect _5 [irreversible binding |

Effective against gram-negative bacilli (INCLUDING multi-
DRUG rESISta nt P aeruglnosa) specially tobramycin A |[remember : tetracyclines and tigecycline don’t cover,

p.aeruginosa

Used in combination with B-lactams

\Gentamycin + ampicillin|
P —

ciolaul. + C-'d(o«l

Ampicillin is a penicillin-type antibiotic that is frequently used in
combination with other antibiotics for the treatment of

meningitis caused by bacteria called Streptococcus
12/7/2023 Copyright © 2018 W pneumoniae
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TULAREMIA

® Tularemia is acquired during rabbit-
hunting season by hunters skinning
infected animals.

® Pneumonic tularemia results from
infection by the respiratory route
or by bacteremic seeding of lungs.

@ Geniamicinis effective in treating
this rare lymphoid disease.

SYNERGY

® Aminoglycosides may be added
to [-lactams for synergy for
select serious gram-positive
infections.

Gram (+) cocci
Enterococcus specles
(ampiciliin + gentamicn)

Streptococcus agalactiae
(ampldiifin + gentamicdn)

Grm {(-) rods

Aclnetobacter baumannil

Brucella specles
(gentamidn + doxycydine)

Some clinical uses of aminoglycosides

Gram {-) rods

Acinetobacter baumannil

Brucella specles
(gentamidn +doxycydine)

Franclsella tularensls
(gentamicin)

Klebslella specles

Pseudomonas aeruginosa

Yersinla pestis
(streptomycin)

INFECTIONS DUE TO
PSEUDOMONAS AERUGINOSA

® Pseudomonas aeruginosa rarely
attacks healthy individuals, but
can cause infections in patients with
specificrisk factors (e.g., recent
antibiotic exposure, prolonged
hospitalization, bronchiectasis).

@ Treatment includes tobramycin
alone (e.g., for UTI) or in combination
with an antipseudomeonal [} -lactam
(e.g., for pneumonia).

Copyright © 2018 Wolters Kluwer * All Rights Reserved

lUrinary tract infection

Aminoglycosides
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Aminoglycosides

Mechanisms of resistance

1)
2)
3)

efflux pumps
decreased upta ke by modification of porins in G- bacteria

modification and inactivation by plasmid-associated synthesis of
enzymes that hydrolyze aminoglycosides

-Amikacin is less vulnerable to these enzymes
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Aminoglycosides

Pharmacokinetics

Absorption given topical
-all are given IV (except neomycin)
Distribution

-variable distribution in body fluids
-inadequate distribution in CSF

-cross the placenta Maybe teratogenic |

12/7/2023 Copyright © 2018 Wolters Kluwer * All Rights Reserved

[ Does not
penetrate

Aminoglycosides

in the urine
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Aminoglycosides

Pharmacokinetics
Elimination

-90% are excreted unchanged in
the urine

-accumulation occurs in cases of
renal dysfunction
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[ Does not
penetrate
the CNS

in the urine

Aminoglycosides
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Aminoglycosides

Adverse effects

 Ototoxicity (vestibular and auditory)

. . . Ototoxicit
-might cause irreversible deafness é

-Vertigo (especially with streptomycin)
* Nephrotoxicity

~disrupt Ca**-mediated transport

Processes Nephrotoxicity

-from mild reversible renal impairment
tolirreversible acute tubular necrosis
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Aminoglycosides

Adverse effects
 Neuromuscular paralysis

_ ) ] ] Paralysis
-patient with myasthenia gravis are

1 this disease is characterized by formation
at rISk autoantibodies directly against ACH receptors
* Allergic reaction
- Mostly contact dermatitis with
topical neomycin |

Skin rash
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