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: Tl? regulatory path to approving new antibiotics has been cleared,
/ but work still remains to rebuild a
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HOW CHEMISTRY CHANGED THE WORLD
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After a flurry of discovery in the 20th century, the antibacterial drug pipeline is now drying up
MICHAEL TORRICE, C&EN WEST COAST NEWS BUREAU
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ANTIBIOTICS

ACTIONS, ORIGINS, RESISTANCE

Christopher Walsh

Antibiotics: Actions, origins, resistance
by C. Walsh. 2003. Washington, DC:
ASM Press. 345 pp.



Sao produtos derivados do metabolismo microbiano, analogos
sintéticos baseados em prototipos naturais ou compostos

sintéticos que antagonizam o crescimento ou sobrevivéncia de
outras espécies de micro-organismos em baixas concentracoes

naturais

ANTIBACTERIANOS
e 3-Lactamicos (penicilinas,

cefalosporinas, carbapeninas, ANTIN.EOPI..A.SICOS
e dactinomicinas

monobactamas) -

, ¢ antraciclinas
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e tetraciclinas e.rlva .c?s o acido aureodlico
e lincosaminas mitomicinas
e polipeptideos
e outros

ANTIFUNGICOS sinteticos
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Tetracycline analogs
Methicillin

— Gantamicin

— Tobramycin
Amikacin
- Cephalosporin analogs

— Clavulanic acid

Produtos naturais
Produtos sintéticos



Gerhard Domagk
(1895-1964)
Nobel laureate
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Figure 1. a) Nobel laureate, pioneer of antibacterial therapy, and inven-

tor of the sulfonamides, Gerhard Domagk (1895-1964), with his most ProntOSiI
important working tool. Under the microscope he studied the effect of
different chemicals on bacteria. b) Page from Domagk’s laboratory 1935

notebook describing the exceptional activity of azo dye D 4145 on
streptococci. D 4145, launched in 1935 as “prontosil”, was a diazo
prodrug of the active component 4-aminophenylsulfonamide that was
marketed in 1936 under the name “prontalbin”. At the outset,
antibacterial chemotherapy stemmed from synthetic dyes rather than
natural products. Essential principles of chemotherapy have been
worked out with the sulfonamides.

Von Nussbaum et al. Angew. Chem. Int. Ed. 2006, 45: 5072-5129



1877 - Pasteur e Joubert
descobrem que certos
fungos produzem
substancias téxicas que
matam bactérias

Staphylococcus aureus

Penicillium notatum

1928 - Alexander Fleming mc;w

[ "When I woke up just after dawn on September 28, 1928 T a
certainly didn't plan to revolutionize all medicine by
discovering the worlds first antibiotic, or bacteria Killer,"

Fleming would write later,
"But I guess that was exactly what I did."

J

St. Mary’s Hospital de Londres

Br/t/sh Journal of Exper/menta/ Pathology (1929)




1936 - introducao das SULFONAMIDAS sintéticas \_L

M/JJ

1938 - Florey e Chain (Oxford) - isolamento da PENICILINA G

1941 - primeiros testes clinicos com extratos brutos de
penicilina

1940s - EUA - experimentos para producao em larga escala

1944 - penicilina disponivel para uso
dos Aliados

1945 - Hodgkins - estrutura da penicilina G
(raio-X)
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NH

HZN//<
NH
H,N HHO OH
2 \H/ OH
0]

NH 0
GHO
OH
(o)
HO
10707 nwch,

HO

1944 - ESTREPTOMICINA
(Streptomyces griseus)

OH o 4
OH
HN o
Cl Cl
1947 - CLORANFENICOL

(Streptomyces venezuelae)

S
HO§

NH(CH3),

-||I|||I
iz

OH

NH,

OH O

OH O o

1948 - CLORTETRACICLINA
(Streptomyces)



(H3C)N
o) HO 0O
OCH,
o)

OH

1952 - ERITROMICINA
(Streptomyces erythreus)

COOH

1976 - ACIDO CLAVULANICO
(Streptomyces clavuligerus)

iz
iz
=
S @
‘\‘::, m [ \‘::
ikl ‘_ in 3
L s
AL N
re

H2N NG S
COOH (o) —N
COOH

1956 - CEFALOSPORINA C

(Cephalosporium acremonium)
H,N
HO OHOH o

o)

OH

1956 - VANCOMICINA
(Streptomyces orientalis)



(o) NH
N o S
AN [o) N
NH

7 OH . .o . // 7 . .
quinupristina dalfopristina
(derivado semi- (derivado semi-
sintético de PN sintético de PN
produzido por produzido por

Streptomyces) Streptomyces)



Antibioticos sintéticos
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Farmacos aprovados pelo FDA no periodo 1981-2014 (total = 1211)
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Newman; Cragg, J. Nat. Prod. 2016, 79: 629



Farmacos aprovados pelo FDA no periodo 1981-2010 (total = 1355)
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FDA Approved Drugs Over the Period 1981-2014 (total = 1211)

immunosupressants

N+ND= 100% I 8

|11
antiparasitic

N+ND=47% L 3 15 Malaria: 0.6 million deaths year

B3
antifungals
N+ND=9.7% L7131  Systemic fungal infections: 1.5 million deaths year

anticancer B 14 Cancer: 8.2 million deaths year
N+ND=40% I 136

. I 32 Tuberculosis: 1.3 million deaths year
antibiotics
N+ND=73.2% I 112

0 20 40 60 80 100 120 140 160

H microbial N+ND M total

WHO dat : :
J. Nat. ,f,sd_ 2016, 79: 629 Five therapeutic areas: 302 drugs (25%)

Sci. Transl. Med. 2012 4, 165rv13 N+ND: 155 drugs (51.3%)
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Figure 1. New systemic antibacterial agents approved by the US Food
and Drug Administration per b-year period, through 2012. Modified from
spellberg 2004 [23].

Boucher et. al. Clin Infect Dis. 2013, 56 (12):1685-1694
doi: 10.1093/cid/cit152



B-Lactamicos: ~ 50% das
vendas globais em 2004

Cther antibiotics o
- Penicillins
Us $ 3131 lI'I'IIIll{)I"I US $ 4158 million
12% 16%

Quinolones
US % 4735 million
19%
Cephalosporing
US § 7586 million
30%
Macrolides
US & 4646 million
16% Penems
Us 5 1228 million
5%

Figure 8. Global sales of the major antibacterial classes in 2004 (from
Wood Mackenzie).

Von Nussbaum et al.
Angew. Chem. Int. Ed. 2006, 45: 5072-5129
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FIGURE 2-6: Total antibiotic consumption in selected countries, 2000 and 2010
Source: Van Boeckel et al. 2014 (based on IMS MIDAS)
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CONCLUSIONS

Antibiotic use in humans is increasing worldwide for first-line
and some last-resort antibiotics. High-income countries tend to
use more antibiotics per capita than LMICs, but consumption
in most appears to be stabilizing or decreasing. The highest
rates of increase are in middle-income countries, particularly
the BRICS, a trend that is likely to continue as incomes
continue to rise. Variation in use indicates that consumption is
driven by factors other than disease and demography, such as
seasonality, economic growth, and access.

Inappropriate antibiotic use is driven by both healthcare workers
and consumers, particularly in the community, where 80 percent
of antibiotic consumption takes place. In hospitals, the suboptimal
use of broad-spectrum and postsurgical antibiotics remains
prevalent. Interventions targeting these areas could significantly
reduce global use. However, lack of or delayed access to
antibiotics still kills more people than resistant infections. To
achieve the maximum benefits to human health, measures to
reduce inappropriate use of antibiotics must be combined with
efforts to improve access when they are needed.



Fesst ] Hey kid! Wama be a Superbug..”
Cick some of h§ info YOur genome ..
Even peicillin wont be able To ham you..!

> Resisténcia bacteriana » Pacientes imunocomprometidos

» Infecgbes hospitalares » Bioterrorismo

Clardy, J, Fischbach, MA, Walsh, CT Nature Biotechnol. 2006, 24, 1541.
Baltz, RH J. Ind. Microbiol. Biotechnol. 2006, 33, 507.
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Antibiéticos B-lactamicos - PENICILINAS

1957 - Sheehan - sintese total da penicilina G H
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Sitios de acao dos antibioticos

* Cicloserina T
* Vancomicina

* Bacitracin

* Penicilinas - (B-lactamicos)
* Cefalosporinas

* Monobactamicos

* Carbopeninas

RNA Polimerase I
ismo do Ac.

Rifampicina

]

* Eritromicina
* Clorafenicol
* Clindamicina
* Lincomicina

* Ac. Nalidixico _
* Norfloxacina ]'(qunolonas)

Parede Celular * Novobiocina

* Trimetoprim
* Sulfonamidas

PABA * Tetraciclina
* Spectinomicina

* Streptomicina
* Gentamicina
* Kanamicina

Membrana Citoplasmatica

% Polimixinas
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Parede celular bacteriana
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Estrutura glicopeptidica N
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Biossintese da parede celular bacteriana
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(Linking of disaccharide units)

¢ ¢
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peptidoglycan strand with loss of p-Ala)

i

g membrane
anchor
M-acetyl
glucosamine
M-acetyl
muramic acid
p-Alanine
Glycine

Lysine




Dissacarideo+5 aminoacidos
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Transglycosylase

A

Figure 3.3 Action of cell wall transglycosylases on the C,,-lipid-linked N-acetyl-muramyl
(MurNAc) pentapeptide substrate.
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Scheme 5.11. Cross-linkage of bacterial cell wall peptidoglycan.
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Multiplas ligac6es cruzadas na parede celular bacteriana
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Reconhecimento molecular

] ] substrato D-alanil-D-alanina
Peptidoglicano



Formac&o da ligagéo cruzada na parede celular bacteriana : j&=
catalisada pela transpeptidase (mecanismo normal)
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(@) Transpeptidase cross-linking
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Instabilidade do anel B-lactamico

* tensao do anel

» C carbonilico da lactama é extremamente eletrofilico
* hidrolise em meio acido
* hidrélise em meio basico
» sensivel ao ataque de B-lactamases

* participacao do grupo vizinho

altamente tensionado




Reacoes de degradacao das penicilinas
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Participacao do grupo vizinho na abertura do anel p-lactamico




Relacao estrutura-atividade
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Inibidores de B-lactamases

Fraca acao antibiotica
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Alta afinidade por B-lactamases

éé 0OH Inibicao irreversivel
scido clavulanico Combinacoes com penicilinas

) de amplo espectro
Streptomyces clavuligerus

Clavulin® - amoxicilina + acido clavulanico

sintéticos
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sulbactama

tazobactama
Unasyn® - ampicilina + sulbactama

Zosyn®/ tazocin ® - ampicilina + tazobactama
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Mecanismo de inibicdo da B-lactamase por acido clavulanico ﬁi%g ’
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Irreversibly blocked




Pro-farmacos da ampicilina e
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Aumentam permeabilidade pelas membranas celulares
Grupo acido carboxilico polar € mascarado pelo éster
Ester é metabolizado pelas esterases fornecendo o farmaco



Pré-farmaco reciproco da ampicilina
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CEFALOSPORINAS N
instabilidade em meio acido X mecanismo de acao
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Cefalosporinas de 12 geracao
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« em geral menos ativas que penicilinas

* mais ativas em Gram +
* resisténcia bacteriana (B-lactamases)



Cefalosporinas de 22 geracao e
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CEFUROXIMA



Cefalosporinas de 32 geracao
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CEFOTAXIMA CEFTAZIDIMA
Nao usual devido a excelente atividade em
Anel aminotiazol aumenta a Gram - (42 geragao???)
penetragcao na membrana
externa das bactérias Gram - Ho
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Cefalosporinas de 42 geracao
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 maior atividade em Gram -

« alta afinidade por transpeptidases
* baixa afinidade por B-lactamases



CARBAPENEMS (carbapeninas)

Opposite

Acylamino side  stereochemistry
chainabsent = {5 penicillins

Plays a role oH Carbon
In B-lactamase
resistance

Double bond leading to
high ring strain and increase
Thienamycin R = NH# in lactam reactivity
Imipenem R = NH-CH=NH

Carbapenam nucleus



CARBAPENEMS (carbapeninas) /' 3
Protétipo natural K

Alta resisténcia a
pB-lactamases

COOH | Amplo espectro

TIENAMICINA | contra gram + e -
v Fraca estabilidade quimica e metabdlica; baixa absorgao no TGl

Analogos sintéticos H /Z
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ertapenem Ry = CH3, R;=H, R3 =
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