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Mecanismos de resisténcia
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e Antibioticos
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Mecanismos de resisténcia
aos antibioticos

. Alteracao do alvo 4

. Enzimas inativadoras ou modificadoras

. Efluxo da droga
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. Impermeabilidade do envoltério celular



1. Alteracao de alvos

4+ B-lactamicos
4+ Glicopeptideos

4 Sulfonamidas
4+ Rifampicina
4 Quinolonas

4+ Aminoglicosideos




Resisténcia mediada por alteracao de alvo
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Resisténcia mediada por alteracao de alvo

N-acyl-D-Ala-D-Ala N-acyl-D-Ala-D-Lac



4+ B-lactamicos

4+ Aminoglicosideos
4 Clorafenicol



Resisténcia mediada por p-lactamases

Porinas B-lactamico Membrana
(canais) m/ Externa

Membrana
Interna
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Resistencia mediada por enzimas inativadoras

B-lactamases

B-lactamicos

Penicilinas Cefalosporinas » Classe A ou grupo Il: hidrolisam
0 0 penicilinas e cefalosporinas
R—!:l—NH R—Ic|—NH s . .
—‘/ » Classe B ou grupo lll: hidrolisam
Y am . carbapenémicos
0} COOH o}
COOH ) .
R T > CI?slse C Ou grupo |: hidrolisam
R cefalosporinas
° —
R——|C|—NH R 7 S—~R . . T
Y » Classe D: hidrolisam penicilinas e
0 ays
N c=o0 cloxacilina
o} \SOJH |0H
R gadela latera| > Grupo IV: hidrolisam penicilina

IMPORTANTE: (-lactamases de amplo espectro ou espectro estendido (ESBL —
Extended Spectrum B-lactamases)



Resistencia mediada por enzimas inativadoras
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3 . Alteracao na permeabilidade de membrana

B-lactamicos
Aminoglicosideos
Quinolonas




Resisténcia mediada por alteracao de permeabilidade

Externa

Porina alterada _— B-lactamico Membrana

/m

Membrana
Interna

PBP Sintese
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» Tetraciclinas



Resisténcia mediada por alteracao de permeabilidade
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4 . Efluxo

4+ Tetraciclina
4+ (B-lactamicos
4 Cloranfenicol
4 Quinolonas



Mecanismo de Resisténcia Baseado no Efluxo

Antibidtico
Canal de 4 H
Membrana Externa
+ | e |
Membrana
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Mecanismo de resisténcia por sistema de efluxo

Antibiodtico

)
O
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Sistemas de multiplos componentes de

membrana;
Transporte de substratos para fora da célula;
Transporte ativo;

Ex: Transportadores do tipo ABC.

Bomba de
efluxo



-gem da Resistencia a Antibioticos



Aspectos relacionados a resisténcia aos antibioticos em bactérias

% Origem da Resisténcia
4 resisténcia cromossomal

4 resisténcia extracromossomal

% Mecanismos de transmissao

4 transmissao vertical
4 transmissao horizontal

> Resisténcia Intrinseca e
Extrinseca



Transmissao Horizontal

a Bacterial transformation

Release of

CEEED

Antlblotlc-
resistance gene

Donor cell Recipient cell

b Bacterial transduction

e

phage

Phage-infected donor cell Recipient cell

C Bacterial conjugation
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Transposon Donor cell Recipient cell




Plasmideos de Resisténcia

Antibiotic resistance
gene pool
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Transposons Conjugativos

Mecanhismo de transferéncia

Quais elementos genéticos

permitem a transferéncia por

conjugacao?
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ransmissao horizontal da resisténcia
bacteriana

R plasmid ——

R ERX NS RO e
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a da Resisténcia Bacteriana a
Antibioticos



Alertalll

* O uso abusivo dos antibidticos é uma das principais

causas do aumento da resisténcia bacteriana,
um dos maiores problemas de saude publica.

* A OMS - adverténcia clara para punir a utilizacao da
forma incorreta no uso de antibiotico.



Problemas Graves

Uso exagerado de antibidticos em

animais:

“Estudos apontam relacao entre uso de
antibioticos em animais e resisténcia a
medicamentos em seres humanos”

Exemplo: Resisténcia a vancomicina
por Enterococcus vem de animais
resistentes ao glicopeptideo
avoparcina.




Problema da Resisténcia a Antibioticos

Até o presente, a maioria das infeccoes seguem respondendo aos

tratamentos padrao com antibidticos.

Entretanto,

Aumento crescente no numero de cepas resistentes

!

Uso de antibioticos mais caros e mais toxicos

!

Aumento do tempo de infeccao

!

Aumento no custo do tratamento



Problemas Graves

Em infecgbes nosocomiais:

Resistant infections in US hospitals (%)
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Desenvolvimento de novas drogas:

1940

Sulfa drugs

1950

Problemas Graves

1960 1970 1980

Quinolones, Streptogramins

Glycopeptides
Macrolides
Aminoglycosides

Chloramphenicol, Tetracyclines

-€— |[nnovation gap =——p—

2000 2010

Mutilins

Lipopeptides

Oxazolidinones

Total number of new antibacterial agents

1983- 1988- 1993- 1998~ 2003-
1987 1992 1997 2002 2004




Recomendacao para os hospitais

Controlar o indice da Infeccao

ldentificar com rapidez o paciente ¢/
resisténcia bacteriana

Esterilizacao




Aula Pratica

-

Placa de agar nutriente

Inocular a cultura em 5ml
de agar para a confeccao ‘
de uma sobrecamada

Placa com a sobrecamada )

- Amostras:
S. aureus e E. coli

Discos de antibiéticos sao colocados
sobre a superficie

Incubar por 24-48 h - Antibioticos:
Rifampicina
Amoxicilina
Eritromicina
O organismo teste exibe sensibilidade a alguns antibiéticos, Sulfonamida

indicada pela inibicao do crescimento bacteriano ao redor
dos discos (zonas de inibigao), apos a incubacao
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. olindensis
. avermitilis

. coelicolor
. lividans

. clavuligerus

. scabies

9,2

9,05
8,19
9,14

10,15

71

70,7

72
72,2
72,4

71,5

7794 1

7765 1

8300 2
7614 -
7680 4

8901 -

Genome

Domain

Taxonomy

Neighbors

Size

Number of Contigs (with PEGs)
Number of Subsystems
Number of Coding Sequences
Number of RNAs

Streptomyces olindensis (Taxonomy ID: 358823)
Bacteria
Bacteria; Streptomyces olindensis

View closest neighbors

9,128,253 bp
146

429

8287

83



sMASH antibiotics & Secondary Metabolite Analysis SHell
SmasH ANONORO
Select Gene Cluster:

overview @@ O @ OO P OOV 1L LEDO - HOOD DD 22 25QP27D 200 PPHDD

The following clusters are from record contigdD0002:

BB cluster 2 I 78108 131160
Cluster 3 | Tipks 112322 160619
Cluster4 | Tipks 142855 190312

— [eIES Bacteriocin 319673 329888
Cluster6 | Tipks 411271 455404

The following clusters are from record contigD0005:
= (luster 11 Oligosaccharide-t2pks 16092 70209
Cluster 12 Amalyccycl 164661 185896

antiSMASH 2.0 - a versatile platform for genome mining of secondary metabolite producers. Kai Blin, Marnix H. Medema, Daniyal
Kazempour, Michael A. Fischbach, Rainer Breitling, Eriko Takano, & Tilmann Weber, Nucleic Acids Research (2013), doi:

10.1093/nar/gkt449



http://dx.doi.org/10.1093/nar/gkt449

sMASH antibiotics & Secondary Metabolite Analysis SHell

ANONONO,

Select Gene Cluster:
Overview

The following clusters are from record contigdD0018:

Cluster 24 Nrps-tipks

The following clusters are from record contigd0019:

Cluster 25 T1pks-transatpks

The following clusters are from record contigd0022:
Cluster 26 Terpene

The following clusters are from record contigd0024:

Cluster 27 T1ipks-nrps

The following clusters are from record contigd0029:
Cluster 28 Siderophore

The following clusters are from record contigd0031:
Cluster 29 Melanin-nucleoside

The following clusters are from record contigd0035:

Cluster 30 Nrps-tipks

The following clusters are from record contig00036:
Cluster 31 Nrps
The following clusters are from record contigd0037:

Cluster 32 Terpene

The following clusters are from record contigd0042:

Cluster 33 T2pks

The following clusters are from record contigd0055:
Cluster 34 Butyrolactone

The following clusters are from record contigd0102:

Cluster 35 Terpene

92386 143178
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Subsystem Category Distribution
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Subsystem Feature Counts

Cofactors, Vitamins, Prosthetic Groups, Pigments (336)
Cell wall and Capsule (194)

Virulence, Disease and Defense (90)

Potassium metabolism (16)

Photosynthesis (0)

Miscellaneous (41)

336/3841

Cofactors, Vitamins, Prosthetic Groups, Pigments

ransposable elements, Plasmids (
113)
etabolism (46)
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Nucleosides and Nucleotides (129)

| Protein Metabolism (264)

Cell Division and Cell Cycle (33)

Motility and Chemotaxis (12)

Regulation and Cell signaling (68)
Secondary Metabolism (13)

DNA Metabolism (148)

Regulons (6)

Fatty Acids, Lipids, and Isoprenoids (272)
Nitrogen Metabolism (32)

Dormancy and Sporulation (15)

Respiration (172)

Stress Response (182)

Metabolism of Aromatic Compounds (108)
Amino Acids and Derivatives (558)

Sulfur Metabolism (72)

Phosphorus Metabolism (40)
Carbohydrates (791)

HEIEEEE
O

Genome ID 3 ¥ Score 4 ¥ Genome Name 3¥

100226.1 516 Streptomyces coelicolor A3(2)
100226.15 508 Streptomyces coelicolor A3(2)
591159.3 454 Streptomyces viridochromogenes DSM 40736
566461.4 428 Streptomyces ghanaensis ATCC 14672
457428.4 418 Streptomyces lividans TK24
227882.1 405 Streptomyces avermitilis MA-4680
227882.9 403 Streptomyces avermitilis MA-4680

RAST 5 smoston g .

Subsystem Technology 2 —
. s . 680198.5 305 Streptomyces scabiei 87.22

12:‘-,;‘g‘,‘;%ﬁ;osnﬁ,i‘gggz‘:,%u’;’?ﬁ:'gggggf::s";ewig"gfgggg;g:“fe- 455632.3 300 Streptomyces griseus subsp. griseus NBRC 13350
443255.8 299 Streptomyces clavuligerus ATCC 27064
443255.19 291 Streptomyces clavuligerus ATCC 27064
455632.4 290 Streptomyces griseus subsp. griseus NBRC 13350




e Biossintese de estruturas PKS

KEGG map

Biosynthesis of type II polyketide
backbone

Biosynthesis of type II polyketide
products

Butanoate metabolism
Pyruvate metabolism
Tetracycline biosynthesis

Valine, leucine and isoleucine
degradation

Streptomyces Streptomyces coelicolor

Comparacdo de genes envolvidos

em producdo de PKS

Streptomyces avermitilis Streptomyces griseus subsp. griseus
MA-4680 NBRC 13350

2 (66.7 %) 2 :’66.7 %)

1 (50.0 %) 1 (50.0 %)

21 (40.4 %) 23 (44.2 %)

25 (39.1 %) 26 £40.6 %)

1(33.3 %) 1(33.3 %)

19 555.9 %) 22 'i’64'7 %)

* Biossintese de unidades de acucar para PKS

KEGG map

Amino sugar and nucleotide sugar
metabolism

Biosynthesis of 12-, 14- and 16-
membered macrolides

Novobiocin biosynthesis
Polyketide sugar unit biosynthesis

Streptomyces Streptomyces

[e)]

Streptomyces Streptomyces Streptomyces griseus subsp.
avermitilis MA-4680 coelicolor A3(2) griseus NBRC 13350

37 (39.4 %) 35 (37.2 %)

Q 1 533.3 %)

4 (66.7 %) 3 (50.0 %)

3 (37.5 %) 5(62.5 %)
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Cluster 25 - T1pks-transatpks
Gene duster description

Gene Cluster 25. Type = tipks-transatpks. Location: 55733 - 156520 nt. Click on genes for more information.
Show pHMM detection rules used

KOGOIMHON . | G D D D 40 D) b
) )

Epoxidase SARP

Gene cdluster description

Gene Cluster 11. Type = oligosaccharide-t2pks. Location: 16092 - 70209 nt. Click on genes for more information.
Show pHMM detection rules used

lliMl.ﬂﬂlﬂlﬂi.ﬂlM

SARP

Cluster 12 - Amglyccyd

Gene duster description
Gene Cluster 12. Type = amalyccycl. Location: 164661 - 185896 nt. Click on genes for more information.
Show pHMM detection rules used

A e EECC 1 Eees e (0 M1 DD
)

SARP
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J Ind Microbiol Biotechnol
DOI 10.1007/s10295-013-1379-y

MINI-REVIEW

Genome mining of Streptomyces ambofaciens

Bertrand Aigle - Sylvie Lautru - Dieter Spiteller -
Jeroen S. Dickschat + Gregory L. Challis -
Pierre Leblond + Jean-Luc Pernodet

SIMB

Sochety Yor | ndusrial Micsobiok gy
and Botechacd gy

‘ Streptomyces ambofaciens chromosome .

2-MiB

! Desferrioxamines
Antimycin

® PKS,typel @ PKS,typell ® NRPS

[ 1 J L=
Kinamycin] T AlbaﬂavenonJ Geosmin / ‘
it { Isorenieratene Kinamycin

Congocidine
m’g Stambomycin
ment Splramycm .
Lantibiotic

® Terpene @ Other



Ferramentas a utilizar...



Combinaclones de genes y d [ S 3
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