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Bacterial Protein Synthesis: Ribosome Composition
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165 rRNA
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Table 1| Ribesome components from the three domains of life
Characteristics Bacterda  Archaea  Mitochondria  Eukarya

Ribscace size o3 708 &5 808

Small aubenit

Size 305 308 238 408

Mass (MDa) 08 0a 12 1.4

MiNAs 165 165 128 185

Mumber of r-preteine 20 28 a3 a

Large subunit

Sze 508 508 238 808

Maza (MDa) 16 15 24 26

ANAs 238,63 235,68 158 288,588 68

Mumbor of r protoins 34 40 52 46




Bacterial Protein Synthesis: 23S & 5S Ribosomal RNA
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Bacterial Protein Synthesis: The Ribosome is an RNA Enzyme (Ribozyme)
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Bacterial Protein Synthesis: The Ribosome is an RNA Enzyme (Ribozyme)

(2451)

Bacterial Protein Synthesis: The Ribosome is an RNA Enzyme (Ribozyme)
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Bacterial Protein Synthesis: 50S Subunit as a Target

Teble 3 | Antibiotics that target the 505 ribosomal subunit

Drug PDB Resolution () System
F e Macrolides and ketolides*
ﬂ'—c{ Garbomycin 1K8A 30 Helosrcuia
B . Spiramyein 1KD1 30 Haloarcula
Thiostrepton Tylosin 1KM 30 Haloarcula
} . Azithromycin TMIK 32 Haloarcula
Avilanmycin Agithromycin ANWY 33 Deinococeus
Streptogramin A Azithromycin 1YHQ 24 Haloarc-2058A
L:hl.fJLanpﬁenicol: EVLE ] ey 85 ]
puromyain Erythromycin 1vI12 27 Haloarc-2058A
Clarithramycin 1J5A 35 Deinococcus
Pleuromutiling Roxithromycin 1472 38 Deinococcus
Troleandomycin 1OND 34 Deinococcus
& . ABT 773 TNWX 35 Deinococeus
(e Streptogramin B, . )
7 lincosamides Telthromycin 1PeX 34 Deinococeus
1 Telithromyein YN 26 Haloarc-2058A
Macrolides SEprog ATy
Virginiamycin M 1NBR 3.0 Haloarcuia
Virginiamycin M 1YIT 28 Haloare-2058A
Dalfopristin 18M1 3.4 Deinococcus
Streptogramin B
2 Quinupristin 1SM1 34 Deinococcus
e Quinupristin 1YIW 29 Haloare-2058A
I %g&'!"}g% Lincosamides’
Z?é";,";,_,,,,_ Clindamyein 1JZX 3.1 Deinococeus
3 5 Clindamycin TYJIN 30 Haloarc-2058A
T Nucleosids based"
Chloramphenicol 1KO1 35 Deinococeus
Chloramphenicol INJI 30 Haloarcula
Anisomyain 1K73 30 Healoarcula
Sparsomycin 1M80 28 Haloarcula
Blasticidin § 1KC8 30 Heloarcula
Puromycin dervative  1FFZ 32 Haloarcula
Pleuromutilins®
Tiamulin 1XBP 35 Deinococcus
Valnemulin - - nd
Oxazolidinones"
Linezolid - - np
XAD43 - - nd

Bacterial Protein Synthesis: 50S Subunit as a Target: Macrolides
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« Isolated first in 1949 from Streptomyces erythreus (erythromycin)
« Obtained by fermentation & semi-synthesis starting from natural products

« Naturally occuring macrolides (erythromycin) are acid-labile, have short t,,, (1.5h) and narrow spectrum
(Gram-positives, Staphylococci, Streptococci, Bacilli)

» Semi-synthetic derivatives (clarithromycin, t,,=3-7h), azalides (azithromycin, t,,>35h!), have improved
stability, PK properties and spectrum (Gram-negatives, Haemophilus influenzae, atypical bacteria: Legionella,
Chlamydia, Mycoplasma)

« Bind to the peptidyl transferase center at the peptide exit tunnel and block egress of the nascent peptide
« Bacteriostatic (may be bactericidal at high concentrations)

« Used orally

« Reasonable bioavailability: erythromycin: 15-45% (acid lability!), clarithromycin: 55%, azithromycin: 38%
« Extensive tissue and cellular distribution

« Resistance by active efflux (~80% of resistant isolates in US), altered target sites (primary mechanism in
Europe)

 Cross-resistance by target modification (ermA/ermC) occurs between all macrolides, and against
clindamycin (lincosamides) and synercid (streptogramins)




Bacterial Protein Synthesis: 50S Subunit as a Target: Azalides
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Bacterial Protein Synthesis: 50S Subunit as a Target: Macrolides
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Bacterial Protein Synthesis: 50S Subunit as a Target: Macrolides - Ketolides

In vitro activity

Avoid ketalisation
with the 3-keto function

6-methoxy, 6-alkylaryl

R
C, - C, Side chain |
N
Q) — D-desosamine
3 keto function

|

* Acid stability
* Overcome ERY-R resistance MLSB

* In vitro activity

* Pharmacokinetics
* Pharmacodynamics
* Intracellular uptake

« Efflux * Non inducer of MLSB resistance

* Overcome

* Mechanism of action

« Tolerance 0 Table 3 Dissociation constants (Kgss) of ketolide and macrolide
antibiotics for wild-type and A2058G mutant (MLSg-resistant)
ribosomes

Mean (+ SD) Kgiss (M)? Kaiss Fatio
(mutant/

Antibiotic Wild-type Mutant A2058G wild-type)

Erythromycin 1.4+ 0.2x10°% 1.94+03x10°% 14 000
Clarithromycin = 9.5 + 1.4x107° 1.74+04%x10°* 18 000

HMR 3004 16+ 03%x107° 694+1.4x%x10"° 4300
Telithromycin =~ 1.3 + 0.2x 10 ¢ 79+19x%x10°° 6100
RU 66252 29+ 02%x10°¢ 27+1.2x10°° 9300
RU 56006 98+ 1.1x1077 =>25x1072 =25 000

Bacterial Protein Synthesis: 50S Subunit as a Target: Macrolides - Ketolides
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Bacterial Protein Synthesis: 50S Subunit as a Target: Bridged Ketolides

conformation for rRNA binding

« O-bridge is "atom efficient"
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6,11-O-bridged macrolides

« substituents at 6- and 11-position
force macrolide ring into a favorable
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(Wang et al., Org. Lett. 2004, 6, 4455)

Bacterial Protein Synthesis: 50S Subunit as a Target: Macrolides
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Bacterial Protein Synthesis:

50S Subunit as a Target: Macrolides

Organism (number of sirains) Telithromycin ~ ErythromycinA  Azithiomyein  Clarithromyein
. preuntoniae
pen‘(110) 0.121 8/>64 =16
clin’ (57) 0.06/1 >64/>64 >16/>16
<0.06/<0.06 <0.06/<0.06
0.25/0.5 418
eryelin’(24) 20.06/£0.06 >32/>32
14.8(1) MIC0.0002 MIC0.0006
MBC0.001 >64/>64 MBC 0.02
erm(Bymefl Ay (73) 0.03/0.12 MIC 64
erm(Byrmefl Ay (1) MIC0.06
5. pyogenes (30) range range range range
ery* 0.003-0.06 0.003-0.25 0.015-0.25 0.007-0.0125
HMR 3004
ery’cMLS phenotype (64) /4 >128/>128 >128/-128 >128/>128
ery" iMLS phenotype (120) 0.5/4 >128/>128 >128/>128 >128/>128
M phenotype (203) 0.06/0.12 816 48 88
8. aureus
MSSA ery'clin® (278) 0.06/0.12 0.5/0.5 mn
MRSA ery'elin’(140) >64/=64 >64/>64 >16/>16
coagulase-negative staphylocoeci
oxateryelin®*(125) 0.06/0.12 0.25/0.5 0.5/1
oxa‘eryelin (148) >64/>64 >6:4/>64 >16/>16
Enterococcas faecalis
0.06/4 4764 16/=16
28 >32/32 >32/>32 >32>32
vant(13) 28 >320532 320232 3232
Enterococcas faeciun
van'(90) 816 >64/>64 >16/>16
Bordetela perinssis 0015003 (n=51) 0.03/006(n=34) 0.03/0.06(n=40) 0.06/0.06(n=23T)
Corynebacterinm diphtherize (410) - 0.004/0.008 0.015/0.026 0.044/0.058 0.006/0.008
Listeria monocytogenes(15) 0.125/0.25 0.125/0.25 11 0.06/0.125
L. preamaphita (46) 0.03240.125 012505 0.032/0.046
C. pnevmoniae MIC/MBC
CWLO29(ATCC VR 1310) 0.0156/2.5-5
G954(1) 0.0156/0.31-2.5
C. puevmoniae (19) 0.0625/0.25 0.125/0.25 0.125/0.25
M. preumoniae (25) <0.015/<0015 200150015 <0.015/<0015  <0.015/£0.015
M. heninis (30) 16/16 >64/>64 64/>64 64/>64
Ureaplasma wrealyticum (15) 0.03/0.03 0.25/0.5 0.25/0.25 0.03/0.03
Rickensiaspp.(6) MIC range MIC range
0.5-1 0.125-8
Bartonella spp.(8) ge MIC range
0.003-0.015 0.006-0.25

Coxiella burnietii (3)

MIC range
|

MIC range
8

Bacterial Protein Synthesis:

50S Subunit as a Target: Macrolides

Organism (number of strains) Telithromycin Erythromycin A Azithromycin Clarithromycin
Neisseria meningitidis (200) 012012 111 0.5/1 0.12/0.5
Neisseria gonorrhoeae (200) 0.06/0.12 0.5/2 0. 1200.25 0.25/1
H.influenzae
B-Lactamase-negative (20) 112 48 111 48
B-Lactamase-positive {24) 12 444 0.5/1 4/8
Moraxella catarrhalis (150) 0.12/0.12 0.55/25 0.06/0.06 0.12/0.12

MIC pH 6.8/7.4 MIC pH 6.8/7.4
M. tuberculosis (H3TRv) >4>40 2045
M. avium (ATCC 25291) 0.6/0.15
Helicobacter pyvlori
NCTC 11637(1) MIC0.5 mg/L
B. fragilis(62) 4/4 416
Bacteroides ovatus (70) 44 4/>32
Fusobacterium spp. (17) 214 >32/>32
Bilophila wadsworthia (29) 214 8/16
Clostridium spp.(29) <0.03/.5 1/4




Bacterial Protein Synthesis: 50S Subunit as a Target: Macrolides

Erythromycin Clarithromycin/
Drug ) Azithromycin Roxithromycin Dirithromycin
Base 14-OH metabolite
% 500 mg BID, 2 -500mg XL once 500mg po BID x 1; 500 mz QD.
Dose 500 mg* X L 150 mg BID x 10 days N
- dose 5 daily, day 2 500mg po qd x 3 days : 10 days
. i'abier-immediate iabiet-extendad-
Dosage Form Varies Capsule Tablet Tablet
release release
Bioavailability (%) Varies ¥ 55% 37% 72-85% 5-11%
2.67+/-0.94 2.59 +/-0.71
Cmax (mg/L) 0.3-3.5 ~ 0.62 9.3 /-1.4 0.48 1/-043
0.88+/-0.20 079 +/-0.17
2.6+/~1.2 7.8 +/- 4.0
Tmax (h) 4-5 _ 2.3 1.4—/-1.2 4.0-4.3
2.6+/-1.1 8.7+/-5.2
AUC (0-12 19.59+/-6.49 #4211 +/-13.2
) ( ) 1.04 -8.48 3.18 70.8+/-14.4 **3.37
(mg=hr/mL.) T37+H-14 #6511 +/-3.2
T1/2 (h) 1.5-2 4.5/6.9 35-40 124 +/-4.9 42
v 0.54 (L/kg) 2221/-206 (L) ND 23 (L’kg) 0.87 1/-0.63 (Likg) 800 (L)
Protein binding (%) 55-90% 42-70% 7-50% 73-96% 19%

** (qd = quoque die, once daily; bid = bis in diem, twice a day)

Bacterial Protein Synthesis: 50S Subunit as a Target: Macrolides
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(Schlunzen et al., Nature 2001, 413, 814)




Bacterial Protein Synthesis: 50S Subunit as a Target: Macrolides

Macrolides
14-member
Erythromycin
Roxithromycin

|Qleandomycir

15-member
Azithromyzin (17)
Azithromyzin (2°)
Azithromycin (H508)

16-member
Tylosin (H50S)
Spiramycin (H508S)
Carbomygin (H50S)

Ketolides
ABT-773
Telithromyein

(Schlunzen et al., Nature 2001, 413, 814; Hansen et al., Mol. Cell. 2002, 10, 117; Schlunzen et al., Structure 2003, 11, 329; Tu et al., Cell 2005, 121, 257)

Bacterial Protein Synthesis: 50S Subunit as a Target: Macrolides




Bacterial Protein Synthesis: 50S Subunit as a Target: Macrolides

HO
Erythromycin

« lactone ring adapts a folded-out conformation that projects most
polar groups towards one face of the molecule

« opposite side of the macrocycle is quite hydrophobic, facing toward
the hydrophobic wall of the peptide exit tunnel

Roxithromycin

Bacterial Protein Synthesis: 50S Subunit as a Target: Macrolides
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Bacterial Protein Synthesis: 50S Subunit as a Target:

Macrolides
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« Carbomycin: reaches to PTC and
occupies A-site amino acid binding
pocket -> any peptide bond
formation blocked

« Tylosin: 2 sugar extensions at 5-
position -> allows dipeptide
formation

« Erythromycin: 1 sugar extension at
5-position -> allows tetrapeptide
formation

(Tu et al., Cell 2005, 121, 257)

Bacterial Protein Synthesis: 50S Subunit as a Target: Macrolides
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Bacterial Protein Synthesis: 50S Subunit as a Target: Macrolides - Ketolides
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Bacterial Protein Synthesis: 50S Subunit as a Target: Macrolides - Ketolides
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Bacterial Protein Synthesis: 50S Subunit as a Target: Streptogramins

i R— « Isolated in 1950s from Streptomyces pristina spiralis
i H Pristinamycin 14 i . i .
Lo Virginiamyein M  Obtained by fermentation and semi-synthesis
0”4 L 0.2 » Co-synthesized in the same organism (pristinamycin
o RO S Dalfopristin IA/IIA = 7:3 rati
RPN \‘FN} Ao [/ = 7:3 ratio)
Ry "T"’“'\ « Individual compounds are bacteriostatic,
Streptogramin A combination acts synergistically and is bactericidal
. ) R— * Natural products (pristinamycins) have limited water
helH N o solubility
f "N H . ~ H Pristinamycin 1A i . i
koo » Semi-synthetic compounds (dalfopristin,
OH O . H o Quinupristin quinupristin) have improved solubility
& R — A « 7:3 mixture of quinupristin/dalfopristin (Synercid)
1 o H L{ s L7 approved 1999 in the US (earlier in Europe)
\‘, « Active against resistant Gram-positives,
Streotogramin B Staphylococci (inc. MRSA, VISA), Streptococci,

Enterococci (inc. VRE)

* Used by injection

* Resistance by compound and target site
modification (same as for macrolides)

« Bind to the peptidyl transferase center at the peptide exit tunnel and block egress of the nascent peptide
 Presence of streptogramin A stimulates binding of streptogramin B component

« Hydrophobic interaction between A and B components (blue fragments)

« Streptogramin B binding site coincides with macrolide binding site at the entrance of the peptide exit tunnel

Bacterial Protein Synthesis: 50S Subunit as a Target: Streptogramins
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Streptogramin B

(Harms et al., BMC Biology 2004, 2)

« Bind to the peptidyl transferase center at the peptide exit tunnel and block egress of the nascent peptide

* Presence of streptogramin A stimulates binding of streptogramin B component

« Hydrophobic interaction between A and B components (blue fragments)

« Streptogramin B binding site coincides with macrolide binding site at the entrance of the peptide exit tunnel




Bacterial Protein Synthesis: 50S Subunit as a Target: Streptogramins
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(Harms et al., BMC Biology 2004, 2)

« Bind to the peptidyl transferase center at the peptide exit tunnel and block egress of the nascent peptide
 Presence of streptogramin A stimulates binding of streptogramin B component

« Hydrophobic interaction between A and B components (blue fragments)
« Streptogramin B binding site coincides with macrolide binding site at the entrance of the peptide exit tunnel

. Streptogramins

Bacterial Protein Synthesis: 50S Subunit as a Target
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« Hydrophobic interaction between A and B components

(blue fragments)

« Streptogramin B binding site coincides with macrolide
binding site at the entrance of the peptide exit tunnel
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Bacterial Protein Synthesis: 50S Subunit as a Target: Streptogramins
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Streptogramin B

« Conformational change of U2585 induced by binding of streptogramin A
« In the ligand-free state, U2585 points towards the drug-binding site (green)

« In complex with dalfopristin, U2582 is flipped towards the G2588-C2606 base pair (orange)
and forms hydrogen bonds

 Might lock the PTC in a pseudo-stable conformation that returns to the native state only
slowly after removal of the drug

« Hysteresis of an RNA conformational switch
« Time-delayed return of the ribosomal machinery to a productive state?

(Harms et al., BMC Biology 2004, 2)
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Isolated in 1962 from Streptomyces lincolnesis (lincomycin)
ey  Obtained by fermentation and semi-synthesis
/}j « Clindamycin (semi-synth.) is absorbed better and has broader spectrum
« Bacteriostatic; may be bactericidal at high concentrations
meomycm « Active against resistant Gram-positives, Staphylococci (some MRSA),

o Streptococci (pneumoniae, etc.)

N “.JLN OS5, » Used by injection or orally; for surgical prophylaxis, neck infections

/\}—7 H "o » Rapid absorption (90% bioavailability); good distribution and tissue
HO penetration

Clindamycin * Binds competitively at the macrolide binding site of 23S rRNA

« Resistance by target site modification (same as for macrolides and
streptogramins -> MLS antibiotics = macrolide, lincosamide,
streptogramin)

« Resistance by increased macrolide efflux does not affect clindamycin

A
G2505Ec [ FA2058Ec

o\ (U2590Dn
C{ G2s11Ec
|

3
4N (Az0400n)
{ GR205TEc

Clindamycin

_ A2099
A2059€Ec i

3 c
UW
) A2538% A210 1'\\/- ¥

(Schlunzen et al., Nature 2001, 413, 814)

Bacterial Protein Synthesis: 50S Subunit as a Target: Pleuromutilins

* Tricyclic diterpenoid metabolite isolated in 1951 from Pleurotus mutilus
(pleuromutilin); semi-synthetic tiamulin introduced in 1970s

» Obtained by fermentation and semi-synthesis (tiamulin, valnemulin)
» Water soluble and readily absorbed but poor PK
* Rapid metabolism; short t,,,; CYP450-mediated hydroxylation at C-2

and C-8
« Active against resistant Gram-positives
3nzemiin R~ _ s E—I\\/L * Used orally or by IP injection; exclusively in animals so far (pigs)
£787 N N, « Binds at the PTC of 23S rRNA, almost exactly at the same site as

streptogramin A (dalfopristin); overlaps with the binding site of the A-site
substrate and thereby blocks peptide synthesis

« Resistance develops slowly; several mutations in ribosomal L3 protein
and 23S rRNA required for full resistance

Vol 348« Auguet 21, 19606 THE LANCET
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. .
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l o & of antimicrobial resistance due to inclusion of antibiotics in
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necessary bo reconsider the Swann recommendations
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(Schlunzen et al., Mol. Microbiol 2004, 54, 1287)

Bacterial Protein Synthesis: 50S Subunit as a Target: Chloramphenicol

oH H ¢ « Isolated in 1947 from Streptomyces venezuleae
= B ¢+ Obtained by fermentation
O,N Ho” ©  Broad activity against Gram+/- bacteria; for serious infections: typhoid fever,

meningitis, brucellosis, anaerobes
« Bacteriostatic
» Used orally, by injection or topically

oH Cl
H
Lj)ijH\g « Good distribution and bioavailability (t,,=4h); readily penetrates bacterial and
HC = \ o]
S OH

Chloramphenicol

human cells

« Eukaryotic mitochondrial (but not cytoplasmic) ribosomes are susceptible;
erythropoietic cells are particularly sensitive

« High toxicity in newborns due to slow metabolism of neonate liver ("gray baby
syndrome" when chloramphenicol was widely used in newborns)

« Now rarely used in humans due to serious side-effects caused by
mitochondrial toxicity (aplastic anemia, leukopenia, bone marrow damage)

« Thiamphenicol has not been found to cause aplastic anemia and is used in
Europe (not approved in the US)

Chloramphenicol « Binds at the PTC of 23S rRNA, probably at two sites; one of the sites

AN
O/\O

Thiamphenicol

N overlaps with pleuromutilin and other PTC-binding antibiotics
AINA * Interaction with 23S rRNA involves Mg** ion
. ,k' g ; \ B Blocks peptide synthesis by sterical interference with the aminoacyl moiety in

S

the A site and prevention of the transition state

MEELR . Resistance develops by compound modification (acetylation)
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(Schlunzen et al., Nature 2001, 413, 814; Hansen et al., JMB 2003, 330, 1061)

Bacterial Protein Synthesis: 50S Subunit as a Target: Oxazolidinones

1@ o] R 0/_\”’5 « Fully synthetic compounds; discovered at DuPont in an
RS NJJ\O TN effort to develop oxazolidinones to treat plant diseases;
\_&/: first disclosed 1987 (DuP-105, DuP-721)

\"/ R2=F

o « Stopped at DuPont due to toxicity concerns; continued
Oxazolidinone Linezolid at Upjohn (~1987) -> bought by Pharmacia (1995;
approved as Zyvox=linezolid in 2000) -> bought by

Ol o Pfizer (2003)

! H N’S 0 .. . . .
e 3‘@ 1 —_— : @LNAO « Excellent activity against resistant Gram+ bacteria (S.
N0 - - -
- aureus, MRSA, methicillin and vancomycin-resistant S.
i ! sy O aureus, (S;reptococci, Enterococci, VRE, Bacilli); inactive
8 against G-
X
e @hi « Bacteriostatic for Staphylococci, Enterococci;
\_@" bactericidal for Streptococci

s xes * Used orally and 1V as "antibiotic of last resort" for
DuPT21: X =C serious G+ infections (in the hospital); superior to
Figure 2. Emergence of the oxazelidinones at DuPont. vancomyCIn |n MRSA

» Good distribution and extreme bioavailability (100%,

- IV (ALIC = 50 g WmL) —
' O Orat (UG = 82 pg i) t,,=5h)

« Binds at the PTC of 23S rRNA and prevents formation
of the initiation complex by interfering with association of
the initiator fMet-tRNA at the P site (unique mechanism)

« Resistance develops by target modification of 23S

s rRNA (G2576->U mutation; very rare: in 1998-2000, only
8 out of 40,000 tested clinical pathogen strains had MIC

0 ] >=8ug/ml); no cross-resistance to any other antibiotic

Time After Dose, Hours
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Oxazolidinone Linezolid

Table 3. Mean (+/-SD) multiple-dose pharmacokinetics
of linezolid q12h (2.

Parameter 600 mg 600 mg iv. 400 mg

Tablet Tablet
Conax (mcg/mi) 21.2(£578) 151 (£252) 1.0(24.37)
Conin (mog/mi) 815 (+204) 368(:236) 308 (:2.25)
Tax (M) 103 (+082) 051(:003) 112 (+047)
AUC (megh/ml) 138.0 (£427) 897 (£31.0) 7340 (£335)
Half-life (h) 540 (£206) 4.80(=1.70) 4.69 (£1.70)
Clearance (mil/min) 80 (+29) 123 (+40) 110 (£49)

(Barbachyn & Ford, Angew. Chem. Int. Ed. 2003, 42, 2010)

Organism Antibacterial agent MICy [pgmL-1]®
Staphylococcus aureus linezolid 4
(methicillin-susceptible) vancomyein 1
5. aureus linezolid 4
(methicillin-resistant) vancomycin 2
Staphylococeus epidermidis linezolid 2
(methicillin-sensitive) vancomycin 2
S. epidermidis linezalid 2
(methicillin-resistant) vancomycin 2
Enterococcus faccalis linezolid 4
(methicillin-sensitive) vancomycin 2
E. faecalis (VanB) linezolid 4
vancemyein =16
Enterococcus foecium linezolid 2
vancemyein =05
E. faecium (VanA) linezolid 4
vancomycin =16
E. faecium (VanB) linezolid 4
vancomyein =16
Streptococeus pneumoniae linezolid 1
vancomyein =025
S. pneumoniae linezolid 1
(penicilli iti i =025
or -resistant
Streptococcus pyogenes linezolid 2
vancomyein 0.5
Haemaphilus influenzac™ linezolid 8
vancomyein =16
Moraxella catarrhalis™ linezolid 4
vancomyein =16
Gram-negative bacilli! linezolid >64
vancomycin =16
Bacteroides fragilis! linezolid =16
vancomyein =16
Clostridium spp.9 linezolid 2
clindamyein 4
Pepiostreptococcus spp 4 linezolid 2
clindamycin 2

Bacterial Protein Synthesis: 50S Subunit as a Target: Oxazolidinones

Acetyl and other electron-withdrawing
groups offan pfovide best activity

N-Aryl group required for activity

Hackd

Additicnal substitution en rings usually \

has deleterious or at best indifferent C-5 acylaminomethyl group
effect on antibacterial activity essential for good activity

5-§ Configuration necessary for
antibacterial activity

Figure 3. Early structure-activity relationships of oxazolidinones deter-
mined at DuPont.

Electron-donating nitrogen alom
well kderated and ofien improves.

safety profile
) N-Aryl group required for activity
o™ / 5-5 Contiquration necessary for
L\,N:I/:\J\ o antibacterial activity
0
F ”JLQA
5
LEK,N CHy
H ‘\
Fluarination of phenyl ring often
improves antibacterial C-5 acylaminomethyl group
activitylefficacy essential for good activity

Figure 5. Revised structure—activity relationships identified at Pharma-
cia.

(Barbachyn & Ford, Angew. Chem. Int. Ed. 2003, 42, 2010)
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Scheme 3. Synthesis of linezolid (PNU-100766) on a process scale. LDA = lithium diisopro-
pylamide, Ns=meta-nitophenylsulphonyl,
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R\~

T R:=F

Oxazolidinone Linezolid

Fig. 3 — (Top) Relative binding orientations of sparsomycin
(magenta) and linezolid (blue) in the 508 ribosomal
subunit, with the rRNA stripped away for clarity. (Bottom)
Original design hypothesis.

L nnE

(Franceschi & Duffy, Biochem. Pharmacol. 2006, 71, 1016)

Bacterial Protein Synthesis: 50S Subunit as a Target: Other PTC-Binders

Anisomycin
Active Site Crevice
A2

. L Exit Tuhnel

Blasticidin S

 Sparsomycin binds to the PTC in the presence of peptidyl-tRNA in the P site, which in turn is stabilized
by the bound antibiotic and prevented from proceeding into the peptidyl-transfer step

» Anisomycin inhibits peptide bond formation by sterical interference with the aminoacyl-tRNA 3' acceptor
« All lack specificity for the bacterial ribosome -> not used as antibiotics
(Hansen et al., JMB 2003, 330, 1061)




Bacterial Protein Synthesis: 50S Subunit as a Target: Thiopeptides

* First thiazole-peptide antibiotic isolated in 1948 from
Streptomyces (micrococcin), followed 1954 by thiostrepton;
today, ~ 29 families of antibacterial thiopeptides known

* Obtained by fermentation and semi-synthesis
* Very low water solubility and bioavailability

* Inactive against Gram- (no membrane permeability); active
against resistant Gram-positives, Staphylococci (inc. MRSA)

* Binds at the L11 protein-binding domain of 23S rRNA, which is
involved in stimulating GTPase action of elongation factors

* Binds at the interface of rRNA and L11 protein and prevents a
conformational transition required for GTPase activation

* Resistance develops by complete loss of ribosomal protein L11
(cells still viable)

(Lentzen et al., Chem.Biol. 2003, 10, 769)

Bacterial Protein Synthesis: 50S Subunit as a Target: Orthosomycins

~o o | o~ oH 0o o
- 0 0 O 0”:\}-0 \C’ O~ (ﬂ .
o Qo Q. ’ s O 2
Yol AL AL L T X0 S
HO . R 9 HO OH
) Q OH OH ou |
0
\

HO

LNOg
0~ » Oligosaccharide antibiotics; first isolated 1964 from
N Micromonospora carbonaceae (everni(no)micin)
‘E_g‘u P * Obtained by fermentation and semi-synthetic modification
ol *"c* hellx 89 ec (SCH-27899 = Ziracin, Schering-Plough)
.f.?m'c':"&..‘.' :;; :L ru;::m::utJ * Development of SCH-27899 voluntarily discontinued after
¢ U AL Phase Ill (in 2000; toxicity? economic reasons?)
e Se, o « Used by IV only
A oy ] « High protein binding (96-99%); t,,,=8-18h

* Broadly active against resistant Gram-positives,
Staphylococci (inc. MRSA), Enterococci (inc. VRE), and
Streptococci; better potency than vancomycin

A

b =1 T
i i‘}, helix 91
odks dodits,

04 * Binds at two hairpins (H89 & H91) of 23S rRNA and L16

A

protein, thereby prevents binding of initiation factor 2 (IF2)

* Resistance develops very slowly by mutation of ribosomal
protein L16; no cross-resistance to any other antibiotic

(Belova et al., PNAS 2001, 98, 3726)




Bacterial Protein Synthesis: Peptide Deformylation: PDF Inhibitors

« In bacteria, translation initiation begins with formyl-methionine-tRNA

fMet
« Formyl group is removed co-translationally by ribosome-associated N\_)J\ tRNA
peptide deformylase (PDF) (E
S

« PDF is an iron-containing metallo hydrolase
« PDF is essential for bacteria Hs;C
« Hydroxamates inhibit function of PDF by chelating the active-site Fe(ll)

« Actinonin, isolated in 1960 from Streptomyces, is a natural PDF inhibitor
(identified in 1999) L)

« Since 1999, numerous attempts to find improved inhibitors
* Enzyme is instable and difficult to handle

(\'lll-|_:.i(-_--
L0

e

5] Ry

General Tuhibitor Structure

o H o] —~OH
HO, £
N s, D,
H 0 _A_
Actinonin

Bacterial Protein Synthesis: Peptide Deformylation: PDF Inhibitors

Bacteriol Pepiide Deformylare fnkiditary Curvems Medicivel Chemfury, 2005, Vol 32, Ne. 14 1615

Table 3. List of Published PDF Inkibliers, Reported ICq Agaiust E. Colf PDF and MIC Agalnst Varlows Bacteria. Refer fo
Flg. 3-6 for the Corresponding Structures

1 Awor (Vear firt | 1€5g (aM) | MIC (ugimy Cammenrs
pabilished)
[ Eiu [41] (1995} 371000 NA E-phosphosate: desigred ikabitcs based on ify bewt subutrate Sormyl-MA-p-
k. lanu
Mewsel [42] (1957} 2800 NA Thisol peptice. devigned based o0 the bewt subsirate wentafied
3 | Duramd [54](1959) 10060 NA Aldehyde peptide. sdentified through screening exmting libeary
1 Clrn [39] (1999) 03 (k) 5167 Actinous: nawlly ocoaring POF ibsbilor
5 | Jayasekers [43] 02000} | 1000 64 Thuvopropic scid derivatrors: on pepcc PDF mhibisor
6 | Funtingson [43] (2000) 19 3 Thicd pepade: thiol chelating group combined with the best vebuirate motif
7 | Green 146] (2000} 3900 NA Biaryl acid: non-pegridic PO inhibor
3 Apfel [36] (2000) 15 2561 [-Sullfomrylhydroamic s idennified by serseming existing chesmical libeary
9 | Clemens [34, 53. 35, 56. 7 187 formed e amine with butialycine st 7y vite (BBHOTY wctve i ive:
58 73] (2001) sdon BB S3E0F o e PR profAr s il desgtopes SR exploredn
cheltor Py - By cond Py goninon
emt: 0 59/30704
10 | Chal47. 34) 2001} 34 (K 322 Puendopepade mesabeolites: wolated fiom fermemarion beoth of Strepramycvs 5p.
10| Chea (11,52 73] 000 | 410 01341 [ Alkyl-voccinae-proline bydromamate (VRC3373): active in vive: analogs with - flowo or|
t-ydrerey subsiuiion impaove antibacserial acervicy ~S-fold in v, and = 3-fold in vivo
Patewt: WO OL-H179
12| Grast[74] (2000) 200,000 ND Nesubstitued wethionine rydrazide: denafied by screening compound collection
13 | Apfel[48] (2 [ 16* Quinazoline bydsoxansc acid. idessified by screening compound colleciion
14 | Thorressen [49] (2000 | 2300 a2 N-Hydroxy urea: identified by scrsening conpound collection
15 | Hasckbarth [35] (2002} 3 [FX Nealkyl urea bydroxamate: active in vive.
Paes: WO 0146178
16 [ iemp. oral. (2002 ND ND Carbamase ¥-formyl bydeoy bamise
Pacat only. WO 0270653
17 s eral 2002 ND ND Hydrazide N formy bydeorybamine
Pavens only- WO 0270541
18 [Samg o al. and Avbart o] ND ND 2.Crmo-pymolsdine wits chelaiors
al. (2002 Pavens caly” WO 0270654, WOO2 70540
19 [ Becken, eral, (2002 ND W ‘Bearsmidazole X fornry bydeony lamine.
Fanews caly. WO 02 41885,
W[ Bl eral 2002 ND ND W-Hydeoxy-2-(substinuted phea) sc
Pasens cmly: WO 02081426, WO e
N[ Chceg erar 2002 0 ND Hydaoen
Paees only WO 0228529
1| Choderal 2002 ND ND NSulfoey).L-Vab L Leuhydronamsare
Puncas caly: JP 02322107
ND ND Beazsmudazole denvative
Pasens emly: WO OL 098901, WO 01104209
ND ND Henstourylary (P Py ) - forunl bydosy amime
Ptee anly. WO 02102790
1| Patel, eral (2002 ND ND Pyerotidine bicyelse (]
Patces enly Wooraer
i Hu [54] (2003} T =1¥ Cyeliranes of e By and By side chain
17| Gase, eral 2003 XD ND Ues saalogs (Py Py } of X focmd oy e
caly. WO O3 DIELLS
28 | Takayama [75] (2003} 2040 10' Bearoduarolylidens hydoxamse acd derivanves
10 | A aral, (3005 ) ND .\iH,l:mg‘\'(.lrl_\n&Aa-s.!a ey formanude
s waly. WO 03 101095
30| Molsess (50] (2004) s (X Emma p—
31| Howasd [31] (2004 1680 ND 3 Thaoxe d-thiarolidmone N-hexaneac acid
a1 Cals [10] (2004} 3400 =128 Iuanazobe- 3-hydzonanac acid desnaties

I the nable, NA=Sot active, ND=No data, MICs agaim vasiom orgamiasy. L5 aurens, 2=E colt, 3= 8 suberts, 4= infTuencoe, Acivities for m v acave compousds
¢ inbold
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Structures of two PDF mhibitors, VIC-104959 (LBM415) and BB-83696, that went into human Phase [ clinical mials.

Table 5. MICy (ug/mL) of VIC-104959 (LBM415) and BB-83698 Against Key Pathogens (see Fig. 7 for Structures)

Organism n VIC-1049592 n BB-83698"
S. aureus 36 2 30 4
S. preumoniae 43 1 36 025
H. influenzae 33 4 50 16
M. catarrhalis 22 05 29 0.06
E. faecalis 23 8
E. faecium 31 4
H. pyiori 19 0.5
Myeoplasma 5 0.002-0.015
Anaerobes (G-) 13 0.5
Anaerobes (G+) 6 =128
Enterobacteriaceae 80 ~128




