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Estrutura e Funcao

« Mureina = parede « Estabiliza a MC e o citosol

« Macromolécula « Protecdo do meio ambiente

« Gram-positiva e Gram- « Determina a forma
negativa

« Suporte da pressdo osmotica
« Excluindo micoplasma e

olanctomicetos - Ancoragem de proteinas e

outros compostos
« Fios de Glicano + peptideos
curtos

& N-acetyiglucosamine (NAG)
S N-acetylmuramic acid (NAM)

e Mudo de pepﬁdeos — @ Side-chain amino acid

@ Cross-bridge amino acid

unidades de repeticdo
« Sdaculo de mureina
« Semelhante ao exoesqueleto

TORTORA, G.; FUNKE, B.; CASE, C. 13° Ed. 2019, Microbiology
MADIGAN, et. Al, 14% Ed. 2016, Microbiologia de Brock




Estrutura

« A molécula

N-acetylglucosamine (NAG)
N-acetylmuramic acid (NAM)

Side-chain amino acid
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Cross-bridge amino acid

L-ala
D-glu
mDAP (L-Lys)

D-ala

TORTORA, G.; FUNKE, B.; CASE, C. 13 Ed. 2019, Microbiology
MADIGAN, et. Al, 14% Ed. 2016, Microbiologia de Brock
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Estrutura

« Em Gram-positiva -

Cell wall
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Estrutura

O polysaccharide

Core polysaccharide

Esqueleto

« Em Gram-negativa polissacaridico |
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Estrutura

Em Mycobacteria
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BROWN, et al. 2015; doi:10.1038/nrmicro3480
TORTORA, G.; FUNKE, B.; CASE, C. 13° Ed. 2019 Microbiology
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Estrutura e Funcao
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Estrutura e Funcao
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Biossintese
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Citoplasma
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Citoplasma

« UDP-GIcNAC
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Citoplasma

« UDP-MurNAc-pentapeptideo
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Membrana plasmatica
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Membrana plasmatica
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Membrana plasmatica

» Transporte para a superficie celular /
periplasma

Periplasm
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NATIVIDAD, RUIZ. 2016. https://doi.org/10.4137/LP1.S31783



Superficie celular/Periplasma
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Extracelular/Periplasma

» Polimerizacdo do pep’rideoglicono
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Extracelular/Periplasma

* Polimerizacdo do peptideoglicano

Peptidoglicano de
Staphylococcus aureus

Peptidoglicano de E. coli

Glicina

https://www.microbiologybook.org/Portuguese/chapter_4_bp.htm



Autolisinas
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Reciclagem

Gram-negative

Gram-positive
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Reciclagem
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Inibidores da sintese de peptideoglicano

Peptidoglycan
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Adaptado de Kouidmi et al., 2014 — DOI: 10.1111/mmi.12758



Fosfomicina

Mecanismo de a¢ao

Mimetiza
G6P e G3P
Analogo
PEP
\’) -acetylmuramig
acid
Cell death

Adaptado de Castafieda-Garcia et al., 2013 — DOI: 10.3390/antibiotics2020217



Fosfomicina

Aplicacao S
Antibidtico de amplo espectro: i i

Gram-positivas e Gram-negativas

Enterococcus spp. Escherichia coli Proteus mirabilis
Staphylococcus aureus Klebsiella spp. Listeria monocytogenes
Staphylococcus epidermidis Enterobacter spp. Neisseria gonorrhoeae
Salmonella spp. Serratia spp. Aerococcus urinae
Shigella spp. Citrobacter spp.

Contents lists available at SciVerse ScienceDirect

International Journal of I |

Eur J Clin Microbiol Infect Dis (]

journal homepage: www.elsev DOl 10,1007 /s 100%6-009-0833 -2 St Contants lists available at ScienceDirect

REVIEW Journal of Infection and Chemotherapy

Review

Tl‘l(‘ TEViVEll Of [:OSfUlTIyCil'l journal hamepage: http://www.elsevier.com/locate/jic

Argyris S. Michalopoulos *, loannis G. Livaditis, | Fosfo mvcin: an

Intensive Core Unit, Henry Dumant Hospital, 107 Mesogeion Ave, 11526 Athens, G

Review article

M. Popovic - D. Steinort - § Fosfomycin: Resurgence of an old companion

Sangeeta Sastry ', Yohei Doi

Division af Infectious Diseases, University of Pirshurgh Medical Center, Pirtshurngh, 24, USA




Fosfomicina

Mecanismos de resisténcia
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Adaptado de Tajik et al., 2020 - DOI: 10.1016/j.genrep.2020.100640



Inibidores da sintese de peptideoglicano

Peptidoglycan
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Adaptado de Kouidmi et al., 2014 — DOI: 10.1111/mmi.12758



Cicloserina
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Adaptado da fonte: immunopaedia.org.za/treatment-diagnostics/tb-drugs/



Laube at al., 1997 — DOI: 10.1016/50896-6273(00)81249-0

Cicloserina

Aplicacao

Medicamento de segunda linha contra cepas MDR Mycobacterium tuberculosis

Alta toxicidade
H
D"'"N
Allosteric binding site |\\[—g
Glutamate . 5.._ H
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inding / 1y Cl -
site \’ /bln_dlng D-Cycloserine
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(Cell membrane
Intracellular
space
CaZ+ P g o . .
channel | Possiveis efe~|tos adversos g_raves_, |,nf:lumdo
convulsdes e neuropatia periférica
NMDAR

(receptor de dcido N-metil-D-aspartico)



Cicloserina

Mecanismos de resisténcia

* Mutagoes em CycA

lanina racemase
D-alanina

@) ¢ L-alanina

OO O % @ CICLOSERINA
D-alanina Iigasm Patlanina &) (&)

O

Adaptado da fonte: immunopaedia.org.za/treatment-diagnostics/tb-drugs/

cell cytoplasm



Cicloserina

Mecanismos de resisténcia

* Mutacdes em CycA

» Over-expression racemase e D-ala ligase

@ Alanina racemase
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@ ¢ L-alanina

O Oo G % @ CICLOSERINA
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Adaptado da fonte: immunopaedia.org.za/treatment-diagnostics/tb-drugs/



Inibidores da sintese de peptideoglicano

Peptidoglycan
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Adaptado de Kouidmi et al., 2014 — DOI: 10.1111/mmi.12758



Bacitracina

peptidoglycan

-
osphatase L _-m
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Bactoprenol
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Adaptado da fonte:

https://alchetron.com/Bactoprenol#tbactoprenol-f34897d1-7



Bacitracina

Aplicacao
Gram-positivas

Staphylococcus spp. Corynebacterium spp. '
Streptococcus spp. Clostridium spp. Actinomyces spp.

‘ Infec¢Oes cutaneas

AL pomada
sulfato de neomicina CEAEEEE

+ bacitracina zincica
Medicamento genérico Lei n® 9.787, de 1999 MedizAmanto

Smg/g + 250U.1/g Peso liquido: 15g Gené"co
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Bactoprenol

Bacitracina

Mecanismos de resisténcia

e Super producao undecaprenol quinase
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Inibidores da sintese de peptideoglicano

Peptidoglycan

BETALACTAMICOS

GLICOPEPTIDEOS
PBPs
! . J (TG)

Inner membrane I t‘)
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FOSFOMICINA

Ala racemase, D-Ala-D-Ala ligase

CICLOSERINA

Adaptado de Kouidmi et al., 2014 -DOI: 10.1111/mmi.12758



Betalactamicos

Alvo: Transpeptidase (PBP)

Acado: Inibicdo da sintese da parede celular (Bactericida)

Espectro: Gram-positivos e/ou Gram-negativos

Peptideoglicano  Atividade da Ponto de crescimento
transglicolase da parede celular
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Bactoprenol

MARDIGAN et al., 2016. De Brock, 14 ed.
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Cephalosporins Monobactams Carbapenems

Core structure of beta-lactam antibiotics

Fonte: https://ringbio.com



Betalactamicos

Grupo de Betalactamicos

B-lactams
R-HN R-HN R-HN R
S S
S-R
(o) 3 (0]
COOH HOOC 0 COOH
Penicillins Cephalosporins Monobactam Carbapenems
Penicillin G (e.g. benzypenicillin) 1stgeneration (e.g. Cefalotin) Aztreonam Imipenem
Penicillin V(e.g. Phenoxymethylpenicillin) 2" generation (e.g. Cefoxitin, Cefuroxime) Meropenem
Penicillin M (e.g. Oxacillin, Cloxacilline) 3d generation (e.g. Cefotaxime, Ceftazidime) Ertapenem
Aminopenicillins (e.g. Amoxicillin) 4" generation (e.g. Cefepime, Cefpirome) Doripenem
Caboxypenicillins (e.g. Ticarcillin)
Ureidopenicillins (e.g. Piperacillin)
Aminidopenicillins (e.g. Pivmecillinam)
NORDMANN; POIREL, 2012. DOI:10.1016/j.molmed.2012.03.003
Sulfonamidas Polimixinas Tetraciclinas Aminoglicosideos  Clindamicina Carbapenémicos Linezolida Synercid

Penicilinas Cloranfenicol Cefalosporinas Vancomicina STX Monobactamicos Daptomicina



Betalactamicos

The penicillin-binding proteins: structure and role in peptidoglycan
biosynthesis

Eric Sauvage’', Frédéric Kerff', Mohammed Terrak’, Juan A. Ayala® & Paulette Charlier'

'Centre d'Ingénierie des Protéines, Institut de Physique B5a et Institut de Chimie Béa, University of Liége, Sart Tilman, Belgium; and ‘Centrode Biclogia
Molecular * Severo Ochoa ' CSIC-UAM, Campus de Cantoblanco, Madrid, Spain
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Betalactamicos

Mecanismo de resisténcia em Gram-positivos

Principal mecanismo: modificacdo das PBPs

S. aureus
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Betalactamicos

Mecanismo de resisténcia em Gram-negativos

1. Diminuicdo da
permeabilidade

2. Bombas de
efluxo

3. Producado de
betalactamases

- Mais eficiente
- Mais frequente

PELEG; HOOPER, 2010. DOI: 10.1056/NEJMra0904124
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Betalactamicos

Mecanismo de resisténcia em

Perda de OprD Pseudomonas aeruginosa

Prowews

o o ¢ " SPM
o o ° =) AmpC ’
PN A} \ Antibiotic-
[ B-lactams inactivating
i enzymes

Porin H* Drug

channels J

S

ALVAREZ et al., 2005. Rev Fac Med Univ Nac

P. aeruginosa
RND

Hiperexpressao de MexAB-OprM

Adaptado de Schweizer (2002). PMID: 12917802

Adaptado de Pang et al. (2019). DOI: 10.1016/j.biotechadv.2018.11.013



Betalactamicos

Carbapenemases em Enterobacterales

Grupo de enzimas mais frequentes:
KPC (Klebsiella pneumoniae carbapenemase)
57 variantes identificadas

Problematica:

PAMKP10
48,454 bp

Fonte: https://www?2.ifsc.usp.br

a3
3a)
3

0

Il Endemic spread of KPC producers
| Sporadic spread of KPC producers
[l KPC recorded

[] Not recorded

muo/\ (,-) rmumhn (@) Brazil; (4) Argentina; (5) aly; (6) Greeco; (7)

y: (17) UK; (18) Ireland; (19) Sweden; (20)
3 , 29) Portugal; (30) Switzerland; (31) Austria;
)Turk(v (37) Aigeria; (38) Egypt; (39) South Africa; (40) Iran; (41) United Arab Emirates; (42)

FIGURE 1 | Epldemlologlcal features of KPC:
F ()I’md (kl} Israel; (¢ H i €
]

(@ ch
Pakistan; (43) Russia; (44) Japan.

Tndd01b
] |
KPC =» - - ’ -
RL tpR trpA 1SKpn7 blaype 3 ISKpn6

A90-bp in Tndd01a
A215-bp in Tndd01c
ABB-bp in Tndd01d
A255-bp in Tndd01e

LEE et al., 2016. DOI: 10.3389/fmicb.2016.00895




Betalactamicos

Inibidores de Betalactamase

Table 6. B-lactamase inhibitors of current interest

Partner - Approval
Name Structure Subclass lactam date® Status
Clavulanic e} OH Clavam Amoxicillin 1984 Widely
acid® | \/\':f available
N
O S
07 ™OH
Sulbactam® Oo_ O Penicillanic =~ Ampicillin 1986 Widely
°s” acid available
({I/i—mr \X sulfone
07 OH
Tazobactam o 0 Penicillanic ~ Piperacillin 1993 Widely
°s” N’N\‘N acid Ceftolozane 2014 available
({J;N'/ B e sulfone Available in
- the United
07 ™OH States and
Europe
Avibactam? o) DBO* Ceftazidime? 2015 Widely
)l, available

o) 0805

BUSH; BRADFORD, 2016. DOI: 10.1101/cshperspect.a025247



Inibidores da sintese de peptideoglicano

Peptidoglycan
® o
. MurNAc
© LAa
® 0OGm
Periplasm LISOZIMA  © mAZmorliy
@ DOAn

:)’ BETALACTAMICOS

GLICOPEPTIDEOS
PBPs
(m)

BACITRACINA
MurG MraY
Inner membrane
Cytoplasm 30095
Lipid It @ L
MurA
y MurC MurD MurE
vor vor vor vo
oii-o e a7
FOSFOMICINA

Ala racemase, D-Ala-D-Ala ligase

CICLOSERINA

Adaptado de Kouidmi et al., 2014 - DOI: 1/mmi.12758



Glicopeptideos

Alvo: Extiremidade D-Ala-D-Ala do pentapeptideo
Acado: Inibicdo da sintese da parede celular (Bactericida)

Espectro: Gram-positivos

Cell wall Membrane Cytoplasm
L-Ala
racemase
carboxypeptidase
transpeptidase 7 D-Ala \! -
= H
transglycosylase mtm L
Ddl ligase
D-Ala-D-Ala
mm
/ ubDP 'OD'D'D
MurF tripeptide
L-Ala-D-Glu-L-Lys

uop -OC-C-0-m-M

‘I-I-D-D-E}Q : / wwwwwy  Lipid carrier
@ QD-D-D-I-I () N-acetylmuramic acid

glycopeptide @ pentapeptide @ N-acetylglucosamine

i
1

Fonte: pubchem.ncbi.nim.nih.gov

COURVALIN, 2006. DOI: 10.1086/491711



Glicopeptideos

Mecanismo de resisténcia

1 4

‘ Alanine (L or D)

2 3
onaitve ”E 1

vancomycin m ‘
resistant

S

. D-lactate
@ Do-guutamat
cell wall . L-ysine
cross-linking
enzyme @ Pentaglycine chain

B Nam
L NAG
u Vancomycin

Fonte: commons.wikimedia.org



Glicopeptideos

Resisténcia em Enterococcus sp. (VRE)

Table 1. Level and type of resistance to vancomycin in enterococci.
Acquired resistance level, type
| | | Low Intrinsic resistance,

Strain High, Variable, Moderate, low level,
characteristic VanA VanB VanD VanG VanE type VanC1/C2/C3
MIC, mg/L

Vancomycin 64-100 4-1000 64-128 16 8-32 2-32

Teicoplanin 16-512 0.5-1 4-64 0.5 0.5 0.5-1
Conjugation Positive Positive Negative Positive Negative Negative
Mobile element Tn1546 Tn1547 or Tn1549
Expression Inducible Inducible Constitutive Inducible Inducible Constitutive Inducible
Location Plasmid chromosome  Plasmid chromosome Chromosome Chromosome Chromosome Chromosome
Modified target p-Ala-p-Lac p-Ala-n-Lac p-Ala-p-Lac p-Ala-p-Ser p-Ala-p-Ser p-Ala-p-Ser

NOTE. p-Ala-p-Lac, n-alanine-p-lactate: p-Ala-p-Ser, p-alanine-p-serine.

COURVALIN, 2006. DOI: 10.1086/491711



Glicopeptideos

MCGUINNESS, et al.,

Resisténcia em Staphylococcus aureus (VRSA)

vanA-Type Vanomycin Resistance in S. aureus

Regulator & Sensor Synthesis of D-Ala-D-Lac
! !

Peptidase Activity
1

vanA
" operon

O—O—{>—-|:]—-|:]van¥ : : [ E] :

VanA

Pyruvate _> .7_;D_.
VanX ~ D-Lac A @

Tn1546

L-Lys
\

D-Glu [ [ Enterococcal \ \
| Plasmid | |

L-Ala \\  pAME30 //
N\ /"/’

Vancomycin susceptible
S. aureus (VSSA)

Vancomycin resistant

Horizontal Gene ™  Enterococcus (VRE)
Transfer

2017. PMCID: PMC5482303

L-Lys
D-Glu

L-Ala

Vancomycin resistant
S. aureus (VRSA)



Inibidores da sintese de peptideoglicano

Peptidoglycan

1.

Periplasm

GLICOPEPTIDEOS
PBPs
l (TG)

:)’ BETALACTAMICOS

LISOZIMA

Flippase

Cytoplasm
MurA
u MurC
-GS¢ @ >
FOSFOMICINA

Adaptado de Kouidmi et al., 2014 - DOI: 1/mmi.12758

Lipid 1l i

MurD MurE

Ala racemase, D-Ala-D-Ala ligase

CICLOSERINA
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Lisozima

Alvo: Ligacdo B- 1,4 glicosidica ente NAG e NAM

Acado: Inibicdo da sintese da parede celular (Bactericida)

Espectro: Gram-positivos

N-Acetilglicosamina (@) Acido N-acetilmuramico (M)

| | | |
CH,OH

I—L \\
Grupo '020:
N-acetil :(llH !
A s
o (EZO Cigacao
Ligagses W o |iscsima
pgpt?dicas

Hsc—CH—(|3// \
cruzadas o) NH L-Alanina
\\(|3—CH2—CH2—(|3H—COOH
||\|H2 ||\|H 0 ™ Acido D-glutamico
HOOC-G~CH;—~CH;~CH;—CH— c ——— Acido

H NH

|
H,C—CH—COOH

diaminopimélico

~——————nD-Alanina

MARDIGAN et al., 2016.

Tetrapeptideo glicano
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JIANG, 2019. DOI: 10.1016/j.foodchem.2018.09.017



Lisozima

Microrganismos fortemente lisados ou inibidos pela lisozima

a. Organismos fortemente lisados ou inibidos por lisozima

Bacillus coagulans

Bacillus stearothermophilus
Clostridium thermosaccharolyticum
Clostridium tyrobutyricum
Micrococcus spp.

Sarcina spp.

Adaptado de Silva, S. G. S. 2019. Tese.

AMINLARI et al., 2014. DOI: 10.1111/1750-3841.12460



Lisozima

Aplicacoes

IndUstria alimenticia

Adjunto em suplemento
alimentar animal
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IndUstria farmacéutica
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