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What are antibiotics?
Antibiotics kill bacteria or at least stop their growth
How many antibiotics do we have?







Antimicrobials target specific bacterial activities





Antimicrobial Resistance



AMX TIC PIP TZP

CF CTT CXM FOX

FEP AMC IPM CTX

MOX CAZ ATM TCC

Escherichia coli 
susceptible

Escherichia coli resistant

AMX : amoxicillin CAZ : ceftazidime AMC : amoxicilline +  clav FEP : cefepime
TCC : ticarcillie + clav TZP : piperacillin + tazobactam CTX : cefotaxime CS : colistine
CF : cefalotine TIC : ticarcillin TM : tobramycin AN : amikacine
GM : gentamicin OFX : ofloxacin CIP : ciprofloxacin IPM : imipenem

Antibiogram



Minimal Inhibent concentration(MIC)



Bacteria point of view: a question of life or death
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The antibiotic resistome: what's new? Julie Ann Perry,  Erin Louise Westman,  Gerard D Wright Current Opinion in Microbiology, 

Volume 21, 2014, 45–50

Resistome: all resistance genes, known and unknown 
that circulate on the planet







antimicrobial resistance 

David M. P. De Oliveira et al. Clin. Microbiol. Rev. 2020; doi:10.1128/CMR.00181-19



Progenitors
 

The antibiotic resistome
Wright, G.D. Nature Reviews 
Microbiology, 5:175, 2007



Acquired antimicrobial 
resistance

• genes

• transposons

• plasmids

• bacterial clones



Horizontal Vertical

Clonal transmission

Transmission across 
species boundaries



Impact of horizontal transmission

resistant susceptible

susceptible

resistant

Multi-species resistance spread

Antibiotic



Antibiotics that inhibits the synthesis of peptidoglycan



Beta-lactams







b-LACTAMS

MECHANISM OF ACTION

INHIBITION OF PEPTIDOGLYCAN SYNTHESIS AT THE LEVEL OF THE 

FORMATION OF THE TRANSPEPTIDATION BOND BETWEEN 

PENTAPEPTIDES OF TWO ADJACENT CHAINS

BACTERICIDES
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β-lactams irreversibly bind to the active site of PBP, making 

transpeptidation impossible. This makes the peptidoglycan wall 

of the bacterium incomplete and brittle



β-lactams access to peptidoglycan differs in Gram+ and Gram-

Spazio Periplasmico

PBP

GRAM +

PORIN

GRAM -

LPS
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Streptomyces clavuligerus

La strategia delle molecole suicide
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Beta-lactams: resistance mechanisms



beta-lactamases

La prima penicillinasi fu descritta da Abraham and Chain in 

1940 in Escherichia coli prima che la penicillina fosse messa 

in commercio per uso clinico. 

Beta-lattamici resistenti alle penicillinasi vennero sviluppate 

come la meticillina ma presto anche per queste molecule 

vennero descritti ceppi resistenti





Kluyvera ascorbata is the progenitor of  

blaCTX-M-3

Rodríguez M M et al. Antimicrob. Agents Chemother. 

2004;48:4895-4897



Kluyvera cryocrescens

Kluyvera georgiana

Kluyvera ascorbata

Kluyvera ascorbata



CTX-M-3 CTX-M-15



KPC-3
KPC-31

Replacing aspartic acid in tyrosine at position 179 changes the shape of the Ω-Loop. The residue K73
maintains the ionic bond with E166 and moves away from S70. Catalytic water is better positioned between
E166-N170-S70 in the D179Y variant than KPC-3 against CZA. This position prevents the deacilation of MEM
and promotes the hydrolysis of CAZ. In addition, an increase in IC50 is observed for AVI inhibition of CAZ
hydrolysis in variant D179Y

(Taracila MA, Different Conformations Revealed by NMR Underlie Resistance to Ceftazidime/Avibactam 

and Susceptibility to Meropenem and Imipenem among D179Y Variants of KPC β-Lactamase. 2022)
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Genomica di Klebsiella pneumoniae resistente a nuovi farmaci e agli inibitori delle carbapenemasi Pagina 45

KPC-67   KLEQDFGGSI--//--FRLDRW----ELELNSAIPGDARDTSS---PRAVTESL~PTGRAPIVLAVYTRAPNKDDKDDKDD--------KYSEAVIAA

KPC-66   KLEQDFGGSI--//--FRLDRW----EL----NSAIPGDARDTSS---PRAVTESL~PTGRAPIVLAVYTRAPNKDD---------------------KYSEAVIAA

KPC-68   KLEQDFGGSI--//--FRLDRW----ELELNSAIPGDARDTSSSSPRAVTESL~PTGRAPIVLAVYTRAPNKDD---------------------KYSEAVIAA

KPC-69   KLEQDFGGSI--//--FRLDRWGLELELNSAIPGDARDTSS---PRAVTESL~PTGRAPIVLAVYTRAPNKDD---------------------KYSEAVIAA

KPC-70   KLEQDFGGSI--//--FRLDRW----ELELNSAIPGDARYTSS---PRAVTESL~PTGRAPIVLAVYARAPNKDD----------------------KYSEAVIAA

KPC-29   KLEQDFGGSI--//--FRLDRW----ELELNSAIPGDARDTSS---PRAVTESL~PTGRAPIVLAVYTRAPNKDDKDD---------------KYSEAVIAA

KPC-31   KLEQDFGGSI--//--FRLDRW----ELELNSAIPGDARYTSS---PRAVTESL~PTGRAPIVLAVYTRAPNKDD----------------------KYSEAVIAA

KPC-49   KLEQDFGGSI--//--FRLDSW----ELELNSAIPGDARDTSS---PRAVTESL~PTGRAPIVLAVYTRAPNKDD----------------------KYSEAVIAA

KPC-39   KLEQDFGGSI--//--FRLDRW----ELELNSTIPGDARDTSS---PRAVTESL~PTGRAPIVLAVYTRAPNKDD----------------------KYSEAVIAA

KPC-3     KLEQDFGGSI--//--FRLDRW----ELELNSAIPGDARDTSS---PRAVTESL~PTGRAPIVLAVYTRAPNKDD---------------------KYSEAVIAA

KPC-110  KLEQDFGRSI--//--FRLDRW----ELELNSAIPGDARYTSS---PRAVTESL~PTGRAPIVLAVYTRAPNKDD---------------------KYSEAVIAA

KPC-154 KLEQDFGGSI--//--FRLDRW----ELELNSAIPGDARDTSS---PRAVTESL~PTGRAPIVLAVYTRAPNKDDKYSRAPNKDDKYSEAVIAA

KPC-111  KLEQDFGGSI--//--FRLDRW---ELELNSAILGDARYTSS---PRAVTESL~PTGRAPIVLAVYTRAPNKDD---------------------KYSEAVIAA

Ω-LOOP 270-LOOP



Colistin resistance



Fosfomycine resistance 

Fig. 2 Mechanism of action of fosfomycin. Chemical structure of fosfomycin mimics both 
glycerol-3-P (G3P) and glucose-6-P (G6P), which are transported by transporters GlpT and UhpT, 
respectively. MurA catalyzes the formation of UDP-GlcNac-3-O-enolpyruvate, a peptidoglycan 
precursor, from UDP-GlcNAc and PEP during the first step of peptidoglycan biosynthesis. Once 
fosfomycin (F) is present, it is transported inside the cell by GlpT and UhpT, blocking the UDP-
GlcNac-3-O-enolpyruvate synthesis by mimicking the original substrate of MurA, PEP, avoiding 
cell wall synthesis and leading to cell death.



RamR
RamR RsxC

Tigecycline resistance 



3D model of the 30S Ribosome  of Thermus Thermophilus with Tigecycline.
(mmdb_4G5T; Jenner et al., PNAS 2013)

S10

Il ceppo resistente KP4-R non ha mutazioni nelle pompe ad efflusso ma solo una 
mutazione Val57→Leu 57 nella proteina S10 della subunità 30S del ribosoma. 
E’ questo il meccanismo di resistenza?



S1016S rRNA





Val57→Leu57



Tigecycline linked to nucleotide C1054 of 16S rRNA (pink ribbon) via a coordinated Mg2+ ion
(yellow ball). The Val57 codon of S10 is located at approx. 8 Å from this link.
Tigecycline coordinates a second Mg2+ ion that facilitates an indirect interaction with h31 of 16S
rRNA.
(Garcia-Fernandez et al., 2013)

Val57 Tigecycline

16S rRNA C1054

S10 



From:Shiri Navon-Venezia Kira Kondratyeva Alessandra Carattoli

Klebsiella pneumoniae: a major worldwide source and shuttle for antibiotic resistance
FEMS Microbiol Rev. 2017;41(3):252-275. doi:10.1093/femsre/fux013 All rights reserved



vancomicina



Meccanismo d’azione della vancomicina



Resistenza alla vancomicina



Transposon Tn1546

10851 bp

9 proteins
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