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Overview: Bacterial Cell Wall
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*Some antimicrobial drugs selectively interfere with synthesis of the bacterial cell wall a structure
that mammalian cells do not possess.

*The cell wall is composed of a polymer called peptidoglycan that consists of glycan units joined to
each other by peptide cross-links.

To be maximally effective, inhibitors of cell wall synthesis require actively proliferating
microorganisms. They have little or no effect on bacteria that are not growing and dividing.

*it is difficult to target gram negative cell wall because of the structure of the outer cell membrane

*the early cell wall inhibitors have narrow spectrum to the gram positive bacteria and the new
classes have wider coverage of the two type of bacteria.

*Both types of bacteria have a layer of cell wall that outline the cell membrane which is responsible
of regulationg the permeability of substances in and out the cell.

From the book : -+ Cell wall JL\P;‘LJ“! &) q’gm Ve Ge U‘é"‘.’ re"

*The most important members of this group of drugs are the B-lactam antibiotics (named after the
B-lactam ring that is essential to their activity), vancomycin, and daptomycin.
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Overview: Synthesis of Bacterial Cell Wall

1. Cytoplasmic Stage: -y e R —
g building blocks b o N
* Synthesis of glycan precursors: = ™ 2 8 3
I UDP-MurNAc-pentapeptide, S
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2. Cytoplasmic membrane Stage: : ; & 3
* Transfer to membrane receptors - - B :/g- %
— 3. Extracellular membrane stage: i 1 I :
* Transpeptidation yi K2 ) :
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Penicillins

Natureof the R group determines the drug’s

stability to enzymatic or acidic hydrolysis
Amoxicillin Amoxit and affects its antibacterial spectrum.
Ampicillin PRINCIPEN \ B-Lactam ring : M atoms
Dicloxacillin DYNAPEN : o
Nafcillin | . — C‘/CH3
Oxacilfin the Side chain Hhat make 11 &2
Penicillin G PFIZERPEN them  lilferent . o” L= S coon
PenicillinV
Piperacillin / 6-AmInopenidilanicacid
Ticarcillin
Site of hydrolysis by bacterial
penkillinase or by acid.

*The penicillins are among the most widely effective and the least toxic drugs known,
but increased resistance has limited their use.

*Members of this family differ from one another in the R substituent attached to the
6-aminopenicillanic acid residue.

*The nature of this side chain affects the antimicrobial spectrum, stability to stomach

acid, cross-hypersensitivity, and susceptibility to bacterial degradative enzymes ($3-

lactamases)s arbiske J L LBl Ltk pom —®B-lackam gy L1 b i —ais L C - N (s Voot
A pral— Pencillinase,

Quick Microbiology Reminder

A group of enzymes that are responsible to mediate the third step of cell wall synthesis “the cross-linking”

Penicillin-binding proteins: _—.pB Ps The PEP side chains are cross-linked as the

" ETF . . . final step in the synthesis of peptidoglycan.
Penicillins bind and inactivate This process is BRERNERENE
bacterial cell membrane -

proteins called: penicillin-
binding proteins (PBPs).

* Bacterial enzymes involved in
cell wall synthesis

* Variable among different
species — naw —{ naG —{ nam —{ w6 |-

* Involved in resistance ic membrane '
O»LJ;()J....Jl % S e CYTOPLASM




Mechanism of action: (s fuaMeull | olais) Lasas dalsadl | gagdid a2 91,81 LSt/ (o)
*The penicillins interfere with the last step of bacterial cell wall synthesis ( the 3rd one )

(transpeptidation or cross-linkage), resulting in exposure of the osmotically less stable
membrane. Cell lysis can then occur, either through osmotic pressure or through the
activation of autolysins.

*These drugs are bactericidal and work in a time-dependent fashion.

*Penicillins are only effective against rapidly growing organisms that synthesize a
peptidoglycan cell wall. Consequently, they are inactive against organisms deqe’gid of this
structure, such as mycobacteria, protozoa, fungi, and viruses.

1. Penicillin-binding proteins:

* penicillin-binding proteins (PBPs) are bacterial enzymes involved in the synthesis of the
cell wall and in the maintenance of the morphologic features of the bacterium.

* Exposure to these antibiotics can therefore not only prevent cell wall synthesis but also
lead to morphologic changes or lysis of susceptible bacteria.

* Alterations in some of these PBPs provide the organism with resistance to the
penicillins.

[Note: Methicillin- resistant Staphylococcus aureus (MRSA) arose because of such an
alteration]

2. Inhibition of transpeptidase:

Some PBPs catalyze formation of the cross-linkages between peptidoglycan chains.
Penicillins inhibit this transpeptidase-catalyzed reaction, thus hindering the formation of
cross-links essential for cell wall integrity.

3. Production of autolysins: caa yiasl Lo

Many bacteria, particularly the gram positive cocci, produce degradative enzymes

(autolysins) that participate in the normal remodeling of the bacterial cell wall.

In the presence of a penicillin, the degradative action of the auto-lysins proceeds in the
absence of cell wall synthesis.

Thus, the antibacterial effect of a penicillin is the result of both inhibition of cell wall
synthesis and destruction of the existing cell wall by autolysins.



Penicillins

Mechanism of action B S 8@ (el S8 Gl ¥

[} a { k
e Inhibit transpeptidation or Pysaccharide Ch‘”“ \"J}Dl’“

cross-linkage (last step of Polysaccharide chain
bacterial wall synthesis) 3d step 3
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Peptide

* Prevent cross-linking rctive DD
cata Iy2€d by the PBP transpeptidase
transpeptidase

Polysaccharide chain

What is the basis of selective toxicity?

What are the consequences of transpeptidation inhibition?
- Bacterial cell lysis Lcell Ruret]
- Bactericidal ast Bacteriostatic, .

- Time-dependent
Hhet w‘\J 1 should aot ji\lb

Hhe pdtient bacleriscidal
with  bacferiostatic.

- Effective against rapidly growing bacteria—

Antibacterial spectrum:

*The antibacterial spectrum of the various penicillins is determined, by their ability to
cross the bacterial peptidoglycan cell wall to reach the PBPs in the periplasmic space.

*Factors that determine the susceptibility of PBPs to these antibiotics include :
the size, charge, and hydrophobicity of the particular B-lactam antibiotic.

*In general, gram-positive microorganisms have cell walls that are easily traversed by
penicillins.
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Antibacterial spectrum
1. NaGt)uraI penicillins:

- Penicillin G, Penicillin V: Penicillium
chrysogenum-» bungus species

a.ype Drugs of choice for the treatment of

Cases —
gas gangrene (Clostridium
perfringens) and syphilis (Treponema
pa”idum). L)Sel\ld“’ ‘}rﬂnlﬂﬂ.}ﬁd d‘stlsb.

- Penicillin V is the oral form of
penicillin > isat vsed in the Hedment of

Bacleremia. .
s mofe acid stable.

*Natural penicillins (penicillin G and penicillin V) are obtained from fermentations of the
fungus Penicillium chrysogenum.

L6 SUH O pyayiis
*Semisynthetic penicillins, such as amoxicillin and ampicillin (also known as

aminopenicillins), are created by chemically attaching different R groups to the 6-
aminopenicillanic acid nucleus.

Penicillin G (benzyl-penicillin) is the cornerstone of therapy for infections caused by a

number of gram-positive and gram-negative cocci, gram-positive bacilli, and

. Sexuall i1
spirochetes. {003 o, Sehilis OO Gty
& seases Gmnorr\\e_q

Penicillins are susceptible to inactivation by B-lactamases (penicillinases) that are
produced by the resistant bacteria.

* Venic\in & is given by injeckion.
ly, & (v
3 A 4 % [ (o
* Yenienn YV S jww Cﬂ‘d\a- Qe
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Antibacterial spectrum

Gram (+) cocci

Streptococcus pneumonliae*
ot £ Streptococcus pyogenes
- Streptococcus viridans group
" nasmu&tmnum
Increasingly seen

PNEUMOCOCCAL PNEUMONIA Gram (+) bacill
@® Streptococcus pneumoniae Baclllus anthracls
is a major cause of bacterial Corynebacterium diphtherlae
pneumonia in all age groups. Gram (<) cocei
® Infection often occurs in an Nelsserla gonorrhoeae
institutional setting in individuals Nelsserlameningitidis

who areill from other causes.

® Resistance to penicillin Ghas Anaerobic organisms
greatly increased worldwide Clostridium perfringens

due to mutations in one or more -
of the bacterial penicillin-

binding proteins. el Treponema pallidum (syphilis)
Treponema pertenue (yaws)

Antibacterial spectrum:
y 2. Extended-spectrum penicillins:
o . e s s
- Semisynthetic: ampicillin, amoxicillin

- Spectrum: extended to include gram-
negative bacilli-> Pores 1y s by uiw

OAmpicillin: drug of choice for gram-
positive bacillus L.

~ . ° . . %
enterococci, resp infections=> "M er vt

addition o} gentami
QAmoxicillin: dental prophylaxis

GONORRHEA

@ Silver nitrate drops in the eyes prevent
gonococcal ophthalmia in newborns.

® Penicillinase-producing strains are
treated using ceftriaxone, with

azithromycinor spectinomycin as a backup.

SYPHILIS

@ A contagious venereal disease that
progressively affects many tissues.

@ A single treatment with penicillin is curative
for primary and secondary syphilis. No

antibiotic resistance has been reported.

A. Antim i ctrum
oflampicillin

Gram (+) cocci
Cad Enterococci
Gram (+) bacilli

\

gl Listeria monocytogenes B2
Gram (=) rods

Ed Escherichia coli 3

Haemophilus influenzae v Y
Proteus mirabilis v
Salmonella typhi

e
cine. .

>to preven‘\ Bacterial endocarditis.

Extended-spectrum penicillins:

* Ampicillin and amoxicillin have an antibacterial spectrum similar to that of penicillin G are effective against

gram-negative bacilli.

*Resistance to these antibiotics is now a major clinical problem because of inactivation by plasmid-mediated

penicillinases.

*[Note: Escherichia coli and Haemophilus influenzae are frequently resistant]

- Resistance (n pgucit B-Lactamase ) inkibtors g gy~

*Formulation with a B-lactamase inhibitor, such as clavulanic

acid or sulbactam, protects amoxicillin or

ampicillin from enzymatic hydrolysis and extends their antimicrobial spectra. ].s; ]a; ag-o

# Amoi cillin = Better & clgslnrl\a;}ion |
Q 30fP oYL .



Penicillins

Antibacterial spectrum: A. Antimicrobial spectrum
o i of ampicillin
2. Extended-spectrum penicillins: Girar (+) coool
. . Ent i
- Combined with B-lactamase aram (+) bacili
inhibitors — Resistance J1 LS L)
e.g., MSSA is resistant to ampicillin
o offe o o Escherichi li
and amox:qlh_n IF given without a 6- s eioph Lo il matns
lactamase inhibitors RO
Imonella typhi

Antibacterial spectrum
3. Antistaphylococcal pemalllns

o%)fj ;
- Methlcnlm nafglllln, oxacullm,
dicloxacillin« C

- Effective against penicillinase-
producing staphylococci (MSSA) % x

- Minimal activity against gram-
negative

- Methicillin not used clinically (toxic)—> “usxic 4o k{dn(g [L:;u 2

Antistaphylococcal penicillins:

*are B-lactamase (penicillinase)-resistant penicillins.

*[Note: Because of its toxicity (interstitial nephritis), methicillin is not used clinically in the
United States except in laboratory tests to identify resistant strains of S. aureus. MRSA is

currently a source of serious community and nosocomial (hospital-acquired) infections

and is resistant to most commercially available B-lactam antibiotics]

MSSA « el

]_\[)*An oJs q‘jaf chg_mef’n-'ci\l-'r\, [ S

MRSA < C>bLl



Penicillins

: 2 . B. Antimicrobial spectrum of
Antibacterial spectrum: l ticarcillin and piperacillin }
4, AntipseudomonaIlpenicillins: ) .

L : ;
- Piperacillin + +icavci\\n

Gram (=) rods

- Effective  against gram-negative i Enterobacter species
bacilli (but not against Klebsiella) B Proteus mirabilis
- - ’bCCuUSc. 0\: ltS = Zroteus('I‘l.\ldol.egzs:waee)
- Common combinations: . ‘i, oy

Piperacillin + tazobactam  Penicillinage

Antipseudomonal penicillins:

*Piperacillin and ticarcillin are called antipseudomonal penicillins because of their
activity against Pseudomonas aeruginosa .

*These agents are available in parenteral formulations only.

*Formulation of ticarcillin or piperacillin with clavulanic acid or tazobactam, respectively,
extends the antimicrobial spectrum of these antibiotics to include penicillinase-
producing organisms (for example, most Enterobacteriaceae and Bacteroides specjes).

R lactamase (e (20N



Penicillins

Mechanisms of resistance

* Intrinsic Resistance: Mycoplasma and penicillin example
}\_\) Cop\qsma.

- Microorganisms that lack B =a
peptidoglycans cell walls e.g.,, M., ... /:
pneumoniae| Atypic-l
Nz Boctenal wall \\,_ No Bactorsl wakl

- Microorganisms that have

impermeable cell walls 1o the dviqs. 107592263
SEG e Bl jlus

Nature of the R group determines the drug’s
stability to enzymatic or acidic hydrolysis

Mechanisms of resistance
* Acquired Resistance:

and affects its antibacterial spectrum.
| B-Lactam ring

1. B-Lactamase activity:

- Enzymes that hydrolyze the cyclic Pl W Hw-S~ ~CHs

amide bond of the B-lactam ring B=N= - P
- Mostly acquired (plasmids) CN —C'\HCOOH

- Gram-positive: secrete B-lactamases

extracellularly->8etore penicillin oftacic coll well. / 6-Aminopenidllanic acld

- Gram-negative:  periplasmic - Site of hydrolysis by bacterial
lactamases - inachve it in periplasmic PORIEDSIS O oy Sk
SpaC(’/.

*B-Lactamases either are constitutive, mostly produced by the bacterial chromosome or,

more commonly, are acquired by the transfer of plasmids.

*Some of the 3-lactam antibiotics are poor substrates for B-lactamases and resist
hydrolysis, thus retaining their activity against B-lactamase—producing organisms.

*[Note: Certain organisms may have chromosome-associated B-lactamases that are
inducible by B-lactam antibiotics (for example, second and third generation

cephalosporins).]



Production of B-Lactamases is the main resistance
mechanism against B-Lactams.

How is this problem solved?

B\\j US'\SB indhubikols , Such CLS—\[,

— B-Lactamase Inhibitors i =
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0 Subackam : combing  with ampi AL

@ Tazobactam: Combine with piperacilin.



Control
(no drug)

B-Lactamase Inhibitors

108 - Clavulanic
acid

only
* Contain B-Lactam rings

* BY THEMSELVES, no
antibacterial activity

—
=
-

Amoxicillin

* Protect antibiotics that are
normally substrates for -
Lactamases

Amoxicillin plus
clavulanic acid

Number of viable bacteria
B
-

* Example............... 102
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Penicillins

Mechanisms of resistance
* Acquired Resistance:
2. Decreased permeability to the drug:

- Reduced permeability e.g., Pseudomonas aeruginosa

- Efflux pump e.g., Klebsiello pneumoniae - J drgy malecsle. 5.5,

71 ump
3. Altered PBPs: G pump

- Modified PBPs with lower affinity for B-lactams e.g., MRSA
resistance to most B-lactams.

2. Decreased permeability to the drug:

Decreased penetration of the antibiotic through the outer cell membrane of the
bacteria prevents the drug from reaching the target PBPs. The presence of an efflux
pump can also reduce the amount of intracellular drug (for example, Klebsiella
pneumoniae).

3. Altered PBPs:

Modified PBPs have a lower affinity for B-lactam antibiotics, requiring clinically
unattainable concentrations of the drug to effect inhibition of bacterial growth. This
explains MRSA resistance to most commercially available -lactams.



| Stable to acid, permitting
oral administration

Penicillins

Natural penicillins
i Penicillin V

Antistaphylococcal
ma Dicloxacillin

* Routes of administration By IV injeckion | CEIEIE

Nafcillin

Pharmacokinetics

Oxacillin

-1V, IM only: ampicillin+su|bactam,f

piperacillin+tazobactam nafcillin,
oxacillin L‘(efy Commen in hospikaly,

e 4 Amoxicillin + clavulanic acid

Ampicillin + sulbactam®

"
ly as

- Oral only: Penicillin V, amoxicillin,
amoxicillin+clavulanic acid, dicloxacillin o

injeckion i L v
x Depz)t forms: Procaine penicillin G and
benzathine penicillin G (IM) q,

They are slowly absorbed into the circulation and persist at

Piperacillin + tazobactam

Stable to penicillinase

low levels over a long time period

Pharmacokinetics ;
= Does not penetrate
* Absorption| xoor\y absorbed n GI 4ract into the CNS unless

- Most penicillins are incompletely
absorbed after oral administration

- Empty stomach? ¥

*they reach the intestine in sufficient amounts to affect the
composition of the intestinal flora.

*Food decreases the absorption of all the penicillinase-
resistant penicillins because as gastric emptying time
increases, the drugs are destroyed by stomach acid.

Peniciflin G

*Therefore, they should be taken on an empty stomach.
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* Distribution " Plasma
- Good distribution e.g., cross placenta iflamabion ey
(but no teratogenic effect) —
o o = permeable to penicillin, permitting
- Insufficient penetration to bone or CSF SpkSpmmlon ot ke dmo ot

(unless inflamed)

The B-lactam antibiotics distribute well throughout the
body. All the penicillins cross the placental barrier, but
none have been shown to have teratogenic effects.
However, penetration into bone or cerebrospinal fluid
(CSF) is insufficient for therapy unless these sites are

inflamed.

(Penicillinin CSF/penicillin in serum) X 100

[Note: Inflamed meninges are more permeable to the

penicillins, resulting in an increased ratio of the drug in the
CSF compared to the serum]

Penicillin levels in the prostate are insufficient to be
effective against infections.

*
df03 ChoiCe Iy g ¢ ()S\,:,,(}BJ L’Mﬁéé Botal 3\ dog 3_0"\3\'*
9 b»\f (o Uil 5 Transpeptidaseoucls fetal  ud Latt o o\t 0)yal

E,J,_ém Ci'i'f'o\nSPeAPHaJe



Pharmacokinetics
¢ Metabolism
- Insignificant metabolism
- Exceptions?

*Nafcillin and oxacillin are primarily TUBULAR

* PROBENECID~O )
LUMEN s

acid

* High affinity for tubular
OATP

* Blocks the active

metabolized in the liver and are excerted in
bile to feces and do not require dose

adjustment for renal insufficiency. transport of penicillin
¥ \ and uric acid
Hepatic insuft icienccﬁpﬂ&s () ool [ops )iy « Penicillin m
elimination is enhanced
~ = | v ¢ -

* Excretion:

- Renal:  tubular  secretory
system

-[Probenecid| is an inhibitor of i Usks Udesdl 51 Su of Aausinn

renal tubular excretion of efled I 1y Blood Stream L \j\s’i
penicillin v '

Uricosuric. a3en|’z
urine )l s Ufic acid B excerkon ) *p ()

- %

NG WOR | 2\;3 ;,.JL;]J;;N e 2L Grout 2 s

*The penicillins are also excreted in breast milk.



Penicillins

Adverse effects
1. Hypersensitivity:

- 5-10% percent of patients (simple rash
to angioedema to anaphylaxis)

- Cross-allergy

- Always in"aﬁ'ire about penicillin allergy
2. Diarrhea:

- Caused by intestinal flora imbalance

- More with extended-spectrum agents

Hypersensitivity

Diarrhea

1. Hypersensitivity:
* Approximately 5% percent of patients have some kind of reaction, ranging from

rashes to angioedema (marked swelling of the lips, tongue, and periorbital area) and
anaphylaxis.

\—bvgg Severe

Ce Al 00 023l

% CroSS O\\\Qﬂ\:&j - deguaat (i oy
v v Qs

*Cross-allergic reactions occur among the f3-lactam antibiotics.

*To determine whether treatment with a B-lactam is safe when an allergy is noted,

patient history regarding severity of previous reaction is essential.

2. Diarrhea:

It occurs to a greater extent with those agents that are incompletely absorbed and

have an extended antibacterial spectrum.

Pseudomembranous colitis from Clostridium difficile and other organisms may occur
with penicillin use.



Nephritis

k‘i’fj dqm:)c,

Adverse effects

3. Nephritis:

- Methicillin: no longer used because of
this

4. Neurotoxicity: vitjeckion in spinl Cord.

- If injected intrathecally

5. Hematological toxicities

- Decreased coagulation

Ne urotoxicity

H Q0
%@\ He l_'n_fat'ologic
- Cytopenias > Blood Cell -l'”?& ¢ Suchas R]?)Csl WRCS, P,‘“d’s G toxicities

4. Neurotoxicity:

The penicillins are irritating to neuronal tissue, and they can provoke seizures if
injected intrathecally or if very high blood levels are reached.

Epileptic patients are particularly at risk due to the ability of penicillins to cause
GABAergic inhibition.

5. Hematologic toxicities:

Decreased coagulation may be observed with high doses of piperacillin, ticarcillin, and
nafcillin (and, to some extent, with penicillin G).

Cytopenias have been associated with therapy of greater than 2 weeks, and therefore,
blood counts should be monitored weekly for such patients.

Quick Revision

* Name a penicillin that is effective against penicillinase-producing S.

aureus (MSSA)? iNalcilin  / O Xacilin / dicloxacillin

2. ampicillin + Sulbackare.

* Name a penicillin that is effective against penicillinase-producing S.
aureus (MRSA)? X




