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flackling Microbial Resistance:
Novel Targets Accessed by Boron AptiacienEls




o The resistance problem, multidrug-resistant Gram-
negative bacteria is on the rise

oDiscovery of novel oxaborole-tRNA trapping
(OBORT) Inhibition mechanism of leucyl-tRNA
synthetase in fungi

o Utilization of structure-aided design to develop
novel antibacterials

— First Gram-negative antibacterial GSK2251052 (AN3365) with a truly
novel mechanism of action to reach phase Il trials in over 30 years

oThe boron advantage

oNovel boron-based antibacterials

— Additional atom to help the antibacterial arsenal
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Resistance In Gram-negative Bactenz:
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EirsisPhase Il Gram-negative Antivactern

to Inhibit a Noevel Target in Over S0 Years

1920 1930 1940

Penicillin
(B-Lactams)
PBP

Protosil
(Sulfonamides)
DHPS

Streptomycin
(Aminoglycosices)
30S Ribosome

Chloramphenicol
50S Ribosome PTC

Polymixin B
LPS

Chlortetracycline
(Tetracyclines)
30S Ribosome

Pleuromutilin
50S Ribosome PTC
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Fosfomycin GSK2251052
MurA Daptomycin (AN3365)

Lincomycin Cell Membrane LeuRS

(Lincosamides)
50S Ribosome PTC

Mupirocin
lleRS

i i Linezolid
TaneH;Ospnm (Oxazolidinones)

50S Ribosome PTC

Nalidixic acid
(Quinolones)
Topoisomerase

Novobiocin
Gyrase

Erythromycin
(Macrolides)
50S Ribosome PTC

Vancomycin
D-Ala-D-Ala

Modified from Lynn Silver (2011) Clinical Microbiology Reviews 24: 71-109
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Discovery of Boron-based LeuRS lnhioiiers




ANZ690 has Bread-spectrum AntiitRgsai

Activity (ug/mL)

Yeasts

Saccharomyces cerevisiae
Candida albicans

C. albicans (fluconazole resistant)
C. glabrata

C. krusei

C. parapsilosis

C. tropicalis

Cryptococcus neoformans
Malassezia fufur

M. pachydermatis

M. sympodialis

OH
/
\

B
0]
F

AN2690

Dermatophytes

Trichophyton rubrum

T. mentagrophytes

T. tonsurans
Epidermophyton floccosum
Microsporum audouinii

M. canis

M. gypseum
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Molds

Aspergilus fumigatus
Rhizopus microsporus
Alternaria alternata
Penicillium chrysogenum
Cladosporium cladosporioides
Fusarium solani
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Currently in phase 111 trials for the topical treatment of onychomycosis




Identification of Leucyl-tRNA Synthetase

(LeuRS) as Target for AN2690

LeuRS (Cdc60p)
(Leucyl-tRNA Synthetase)

AN2690 Inhibits
‘ Protein Synthesis
In S. cerevisiae
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AN2690 Isolation AN2690

resistant mutants in
S. cerevisiae

All mutations mapped
to the editing active
site

Rock et al. Science (2007) 316: 1759-1761.



Leticyl-tRNA synthetase (LeuRS) ‘ANACOR

FFFFFFFFFFF

diting o The aminoacyl-tRNA synthetase LeuRS is
domainy =, .Y, Catalytic essential for protein synthesis

d:mai” - Attaches leucine to the 3’ terminal nucleotide
2D of tRNALeU (A76)
) :_/;__;.__9 o Two active sites separated by 38 A
& r—= — Synthetic active site synthesizes

aminoacylated tRNALeu
Editing (proof-reading) active site
A76 moves between the two active sites

o Editing site ensures fidelity of protein
synthesis

- Synthetic site can attach isoleucine, valine,
methionine, norvaline and other amino acids

to tRNALe
- - Editing site hydrolyzes all aminoacyl-tRNAeu
C-terminal _ other than leucine
domain _ Ar_ltlcodon— _ Mi Leu .
binding domain - Mischarged tRNA-¢Y are extremely deleterious
to the cell
LeuRS-tRNAte crystal - Editing mutants are super-sensitive to non-
structure at 2.3 A cognate leucine analogues like norvaline
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ANZ2690) Forms Adduct with tRNAREE

In the LeuRS Editing Site

Co-crystal structure of LeuRS-tRNALeY
from the G(-)-bacterium
Thermus thermophilus

Leucine jind
n %

Synthesis Site

LeuRS

O Boron is absolutely essential
« Carbon and other analogues are inactive
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ANZ2690-A76 Adduct
In Editing Site

O Unlike mupirocin (1leRS inhibitor) AN2690 MICs do not increase with

the addition of mM Leucine to media
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InieItion By Oxaborole-tRNA Frappiing

(OBORT) Mechanism

&
AN2690

y

INHIBITION
tRNA trapped by AN2690

Aminoacylation

7

tRNA in post-tranfer
editing conformation

tRNAlev

Rock et al. Science (2007) 316: 1759-1761.




ANZ2690-Bacterial Crystal Structure SUgeested

We can' Designi LeuRS Antibacterials ‘Anacor
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AN2690 co-crystal structure of LeuRS-tRNAMY from the
Gram-negative bacterium Thermus thermophilus

Rock, et al, Science (2007) 316: 1759-1761.

15



Key H=l9ond Interaction Observed in
Sulstrate Analegue Co-crystal




KeyilHElbond Interaction Not Found

WithTAN2690 Ce-crystal Structure
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Amine H-bona
interaction missing :
Val-34(

Thr-252 : F_-Thl’-248

Met-338
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Amipe Substitution was added toe Gain s (A )
Key: H=bond with Asp347/345 MANACOR

AN3017



TherAddition of the 3-CH,NH., te the

Oxaborole Nucleus Gained Key: Interaciions

E. coli LeuRS ICg,
KN3017(R/5
OH
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AN2679

27.5uM*

AN2714
OH

o

>400 pM*

AN3017-(S)
et336
*I1C50 determined with 20 minute preincubation

AN3017 inhibition is time-dependent
Only S-enantiomer is active




AN3334 (ABX1)
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Strains

Pseudomonas aeruginosa (WT)
Pseudomonas aeruginosa (MbL+)

Stenotrophomonas maltophilia (WT)
Burkholderia cepacia

Escherchia coli (WT

Escherchia coli (ESBL

Klebsiella spp. (WT

Klebsiella spp. (ESBL

Klebsiella spp. (KPC

Enterobacter spp. (WT
Enterobacter spp. (AmpC)

Morganella morganii (WT)

Cefepime
Levofloxacin
Gentamicin
Ceftazidime
Piperacillin/
tazobactam
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Co-crystal Structures were Used terAda
Interactions to Gain Further Petengcy,




Can We Add Further tRNA
Interactions




ANSOAL6 Identified a New! Interaction Inre=

7 position G\NACOR

E. coli LeuRS ICg,
(" anz016 )

HOMO

Leu-327

AN2679
OH

- | @:i\o
svl” 27.5 pM

AN3016 \1et-336 :' Thr-248 ; Tyr -330 AN2975

OH
Thr-252 = . @fo
Ser-227




Combination off C-3 and C-7 Substitutions

Improved Biochemical Potency.

" AN3213 )
" AN3017 ) OH
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*2.3uM NH,
\>2.3uM__J L *0.5 uM™

o AN3365 is the active S-
enantiomer in AN3213 (R/S)
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6 B 1
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*E. coli LeuRS IC,, after 20 _ _
minutes preincubation with E. coli tRNA/LeuRS
24

Crystal structure of active S-enantiomer of AN3213




AN3B86S Is Efficacious 1n E. colif and
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P. aeruginosa Animal Models off Infechiens

Mouse Neutropenic Thigh Model

E. coli ESBL P. aeruginosa ATCC 27853
AN3365 1 ug/mL,Tobramycin >64 pug/mL Lo- AN3365 4 ug/mL,Tobramycin 0.5 pg/mL
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ANSS6S has Geoed Activity

against Enterebacteriaceae

o AN3365 has a very narrow
MIC range (0.25-4 ug/mL)

o AN3365 has good activity
against multidrug-resistant

Enterobacteriaceae including EiEEEEEGS Mﬂ ﬂﬂﬂﬂ =
iIsolates bearing metallo-f3- E. coli (ESBL) HMMHEMMM

lactamases Klebsiella spp. (ESBL) nm MM mm >128
o Phase | is now complete and —|ksakdaiig, EM ﬂﬂﬂﬂm

progressing for the treatment Easttaia 05 fo251[ 4 | 1 [532] 16 [>16 |>16 [>126
Of CUT I C IAI an d VAP Citrobacter spp.(AmpC n@ - nmu >128
was i P.mirabis £S5 ﬂﬂﬂﬂﬂﬂﬂﬂ

o0 AN3365 was licensed to GSK

No. of strains

AN3365
AN3365
Tigecycline
Imipenem
Levofloxacin

Gentamicin
Ceftazidime
Piperacillin/
tazobactam

S. marcescens(AmpC)

and IS now Ca”ed Colour coding according to CLSI breakpomts (MlOO 821) except for

GSK2251052 (GSK .052) EUCAST were used for Tigecycline. Green=S, Yellow=I, Red=R
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LeuRS is An Excellent Target for Vi tulercHiesIs




TThefetRS Inhibitor ANG6426 Is an Extremel
Potent'and Selective for M. tuberculesis

E. coli ATCC 25922

Fourteen days treatment Mtb C57BL/6 mice
GKO model

107

Log,, CFU/Lung

Funded By
TB ALLIANCE

. GLOBAL ALLLANCE FOR TB DRLAG DEVELOPMENT
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Borenhas a Unigue Bonding Orbitalf Configuiabegk
An Empty P-Orbital

Trigonal Planar Tetrahedral

o0 Boron has an empty P-orbital and can form a new bond
under specific conditions
o The new bond forms a tetrahedral structure

o Exploitation of P-Orbital Expands Drug Design Possibilities




KeyiEeatures ofi Anacor’s Boron

Compounds

Advantages

O Can address a broad
range of biochemical
targets

O Good biochemical
target selectivity

O Applicable to broad
range of diseases

O Relatively Open IP

Characteristics

O Boron is part of a
fused aromatic
ring system

O Well-defined
parameters for MW,

solubility, PSA, landscans
LogP, H-bond SO !
O Intrinsic drug-like
donors/acceptors i
properties

O Reactive P-orbital




BroadvApplication: off Boron Compoeunds

i : (ANACOR"
Across Multiple Therapeutic Areas A EEEE

Viral Diseases
*HCV
‘PRRS

Anti-inflammatory
‘PDE4
*‘Novel MoA

Antiparasites
(Protozoa and
Helminths)

brucei
cruzi
donovani

. falciparum
. malayi

. volvulus

\Antibacterials
Y™ euRS
More to follow

Swor A

Fungal Diseases
‘Onychomycosis
*Skin infections
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Non-topoisemerase Boron-based! [DINA
Synthesis Inhibitors




NovelrSpecific DNA Synthesis Inhibiters

AN3170
S. aureus ATCC 29213
MIC 8 ug/mL
1001
5 Cell wall
¥ RNA
* Protein
4 Fatty acid
¥ DNA
759
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log [AN3170] pg/mL

Fatty Cell
Pathway Protein DNA RNA Add Wall

EC:g (ng/mL) 55 3.3 42 32 >64

%o Inhibition

Ciprofloxacin
S. aureus ATCC 29213

MIC 0.5 ug/mL
100+
v
u Cell wall
¥ RNA
® Protein
757 4 Fatty acid
¥ DNA
504
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G L} LI n L]
=1.5 -0.5 0.5 1.5 2.5

log [ciprofloxacin] pg/mL

Fatty [=]]
Pathway Protain DNA RNA Acid wall
ECsp (g/mL) 25 2.9 =64 =64 =64
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NovelFfDINA Synthesis Inhibitors arke Unaffect .
: : : ANACOR
Py Multidrug Resistance In S. aureus
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S. aureus MIC (ug/mL)

Compound
ATCC 29213
ATCC 33591

NRS 120
NRS 121
NRS 127
NRS 382
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Boron-based Non-LeuRS
Protein Synthesis Inhibitors




Novel'Non-LeuRS Protein Synthesistlnhibiiters (ANACOR

ANG285
S. aureus ATCC29213
100- MIC 8 ug/mL
® Protein
4+ DNA
¥ RNA
+ Fatty acid
75+ +  Cell wall
£
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log[ANG6285] ug/ml

Fatty

EC,, (ng/mL) 13 >256 =256 >256

% Inhibition

Linezolid
S. aureus ATCC29213

100- MIC 1 ug/mL

Protein
DNA
RMNA

Fatty acid
Cell wall

* & 4 ¢ B0

754

50+
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log[Linezolid] pg/mi

Pathway Protein | DNA RNA '::éﬂf ﬁ‘:‘l'l
ECsp (ng/mL) 1.1 >64 >64 >64 36
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Clesing Remarks

o GSK2251052 (AN3365) has good activity against
Enterobacteriaceae including MDR isolates

- Boron is absolutely essential for its activity

o GSK2251052 (AN3365) was shown in a phase | trial to be safe
and well tolerated with no serious adverse events, and is
progressing for treatment of cUTI, clAl and HAP/VAP

o The addition of boron to the medicinal chemistry “tool kit”
should enable access to additional targets
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