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L [VIM=2 0.051/7.3/0.034 | 0.003/85/0.058 | 0.011/7.9/0.028 0.014/7.8/0.044 0.002/87/0.1144 !
MBLs! |!MP-1 1.44/4.6/0.M6 | 100/5.0/0.089 | 1.50/4.5/0.112 1.21/4.7/0.127 1.41/4.5/0.127 !
i [NDM-1 2.04/5.7/0.028 0.029/75/0.020 | 0.687/6.1/0.068 0.04/7.4/0.021 0.004/7.4/0.051
L [SPM-1 241/4.6/0.162 | “16.7/27/0103 16.0/4.8/0.093 13.9/4.8/0.172 36.3/4.4/0.207 |
' |CphA 4.42/5.3/0.159 | >w0/>4/- | 20.85/4.68/0.23 >100/ > 4/- >100/ > 4/- :
SBLs! |TEM- 0.001/8.9/0.447 | 0.003/8.4/0.033 | 0.002/8.5/0.030 0.0003/9.4/0.46 0.006/8.1/0.007 |
| | OXA-10 0.33/6.4/0.019 | 51/52/0020 | 0.83/6.0/0.012 2.26/5.6/0.028 12.7/4.9/0.0258 !
PEPs! |PBP5 NT 0.0016/87/0.06 | NT NT NT !
\ |PBP3 NI o NI NI NI !
E_________________________________________________________________________Tf‘t_"_e}l”_‘i“_ri’_sfr_e_er_”_”g_ofEZ‘i'iP_b_OI‘Z”_a_“iS_-E
£ hJ > e > N N y
> B s B A 1E /SBLsFIMBLs B B HNHIFIAYE 71, HXf—EPBPsEAEM
. Jurgen Brem,et al. Nat. Commun. 2016,7,12406.
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Table 2 | In vitro cell-based screening of cyclic boronate 2.

Bacterial strain Genotype (fi-lactamases) 2 MIC Meropenem MIC Meropenem MIC (ugml ) Meropenem MIC (ugml 1)
(ngmi " (ngml " (10pgml '2) (25pg ml—'2)
K. pneumonige Ecl8 blagiy.q >128 <0.25 <0.25 <0.25
pSU18
K pneumoniae Ecl8 blagiy.q =128 <0.25 <0.25 <0.25
AramR pSU18
K. pneumonige Ecl8 blagy.1 blaypis- 1 =128 =128 8 4
pSU18:NDM-1
K pneumoniae Ecl8 blasyy.;; blaypm. 1 =128 =128 16 2
AramR pSU18:NDM-1
E. coli IR10 blapya-n blacrypa-is blayem-r >128 128 8 2
blagyx a1 blayon. 1
E. coli IR6EO blappa-n blacrspa-is blates-1; >128 64 16 16
blagy . blayons. 1
K. pneumoniage IR8 blasy.i blapia-n blacts-pm-1s =128 128 32 16
blayem-i blanpm-i

MAIC, minimal inhibitory concentration
Testing the potency of 2 towards resenzitization of meropenam activity using well-characterized and clinically derived strains.

> EEEs2ER & X A BE R in S BH AL X T ERAIMIC
@ Tian Group 27



U 3.3 IRIATHEREE 1R B - I BRERBEINBIA M A R TRY e i o s
(1) £J8- B -MEHEESHER AR AR B S A T 2

Metallo-p-lactamase catalysis

1 1 1
! E + S ES El EP E + P Lo 04\,4?‘“ TPe7 froe !
! b H A\ Phe I
! ' I 1 s 61 .
. R H Substrate (S) / . rog o 1
1 N ' . ! 1 R H 1
! }j’d S\ Tetrahedral intermediate (El) Anionic intermediate (EI) Product (P) : ! s !
i O R . | HN 1
1 N o H S__ 1 1 !
' R R) 1
! 0] \I/\R FI-H“/N SR C))\NH . | A\ ! ! prﬁé")Bx .
I CO, I\ N— : R [ /e P '
—~ As O -I o/ 0] NH PR 1
1 + Asp 0 & 45+ ,,__g_}( P ) o s | 1 : Q\d o o |
1 120 . . 1 | - H
. EI"IZYme (E) Q HIS,’ ’,D CO O HISEJ /O N -0 W . R : 1 ; ‘_:\33‘8\ :
| His 1 (|) His sl n His e =0} ° OH Nx L i ~ :
1 . z Ny, L0 1 2 1
1 H'S“B"""“‘-Zn“ .--"'8""'--2“”__‘ . His} n, - His Hig an"lf‘His CO.- : 1 LyS204/ATG08 1
1 1 Hisogq Cys % 2 . ASNs X
' Wi, CYseer Cys ro l |
! S196 OH | ! 1
1
_________________________________________________________________________________________ [} e o o o o = = = = = = - - - — - ————
Bell —
Phe61
Ala119 N = Phest &Tyr67 Overlay: '
Asp119 [ D hydrolysed cefuroxime
\ Glu149
[ Y Y Arg228
1 <@ =
Y. @ \ -
y .. ,0 Tyrezs Q
1 S qlys224 » & &,
o ¥ b Y
Leu‘;s% Structural analysis ofcyclic boronate binding to Bell and VIM-2. Zn1

> 25VIm-27Be | | LSRR, IFIRWIERARRYLS & 5 S R I 14 B ROLE & TR F RN AS
@ Tian Group R 2 Jirgen Brem,et al. Nat. Commun. 2016,7,12406. 28
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(2) zz:B5- B -MELRREERVE R A N AP RIRERERRI S S N

E+P ‘

E+S SE — El —_— EP
A H Substrate (S) / Acyl-enzyme . Product (P)
?;/N S Tetrahedral complex Tetrahedral S/
0 intermediate 1 R (ED intermediate 2 - . i T
j/:N _ (EI) 2\ (EI2) R ( AN g}
@ 0~ "NH R % Kexzo b C -Rlje20 \@2\50
. CO,~ ’ Gly207 ~

IR IEREE S SBLLE & R A RIER

HW/H S @] S )‘\ i
O NH OWS
Enzyme (E) O @O g N .= - O (HN .= . HO;H\]/ S oH N + R
H,O 0 ( H )
|/ COE_ Sel' COE_ O ( )N = 1 -
B OH Ser ° r ) o

N ————— _
Balse ( Ser,, CO, c
Ser.‘,D
_ H
— [‘\J\ - Y
5 STV N
O=— HN-_/ I
Trigonalcf’y )O """"WH OHO‘E)B‘O
Ser O Tetrahedral &
67 Ser ) N OH Ser67
'om benzylpenicillir 67 e
A TEEZ500-108 5 HIENE

@ Tian Group Jirgen Brem,et al. Nat. Commun. 2016,7,12406. 29
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(3) BEEZGSEHNERANFMIMRIREEERNSE S HZ N

1
! a o0 e
: Penicillin-binding protein catalysis . Asnii12
i . : Ser110 g
| E+S SE — El —_ EP E+P ! Leut53 : ' Arg198
X ,’/ A 1 \ p \
Substrate (S) e : S 1 4 X / ) )

! H - Acyl-enzyme N Product (P) 1
i RON = Tetrahedral complex Tetrahedral :
! 7]/ j;H intermediate 1 (EI) intermediate 2 ! », e
1 0] (EI") £2 1 , % N

NH~_~ R (EF) [ M & v
: o H R H _ OANH }\ Cross-linked : Alad3 y/ 5 = ' \
! . CO,~ 7]fN B . 0 O™ "NH peptide ! iy < { Arg248
: O NHi/ V,,CHS HOrH’/CH : His216 Gly215

- R'HN '
: Enzyme (E) 5 éo ) rO + D-Ala 5 3 :
: H,0 OH r 2 1
! Sery, Seryy Ser,, !
! Ser,, ! 25PBP54E & R 45 R AMLE
L — 2
Cl
=
= N NH
0, Bo O :87"\8)/
HOo O= HN
Tetrahedral = | o
etranedra ) 0O OH Trigonal /ﬁ:“‘“OH
Sery, Sery, O

From cloxacillin

Ser44 ID: 3MZD) EEHEEENEME

Jirgen Brem,et al. Nat. Commun. 2016,7,12406. 30
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TABLE 3 MIC values of selected penicillins, cephalosporins, monobactams, and carbapenems against different bacterial strains with or without cyclic boronate 2 supplementation

WA & AT S PR TRBELEE XS A B A=

Bacterial Cyclic boronate ) o
species and PB-Lactamase(s) 2 (10 mg/liter) MIC (mg/liter) for B-lactam:
isolate produced (Ambler class) supplementation AMP AMP/SUL PIP PIP/TAZ TIM/CLAV AZT FAZ CRO CAZ FEP ERT M1 MEM DOR
E. coli
EC107,ST 131 CTX-M-15 (A), OXA-1 (D) - =16  =16/8 =64 >128/4 >64/2 =16 =16 =16 =16 =32 =025 =05 =05 =0.5
+ =16  >16/8 >64 >128/4 =1 8 <05 =1 =025 =05 =05 =05
EC114, ST 131 TEM-1 (A), CTX-M-15 (A), — =16 >16/8 =64 >128/4 =64/2 =16 =16 =32 =16 =32 =025 =05 =05 =05
OXA-1 (D) + =16  >16/8 =64 >128/4 >64/2 =1 8 <05 =1 8 =025 =05 =05 =05
EC86 CTX-M-15 (A), CMY-4 (C), — =16  =16/8 >64 >128/4 >64/2 16 =16 =16 >16 =32 =8 =8 4 =>4
OXA-181 (D) + =16  >16/8 >64 >128/4 =642 |8 | =16 [8 8 =4 4 4 1 2
EC113,ST 131 CTX-M-27 (A) - =16  8/4 64 =8/4 =16 =16 =32 8 =32 =025 =05 =05 =0.5
+ =8 =432 =16| =s/4 =8/2 =1 4 <05 =1 =4 =025 =05 =05 =05
K. pneumoniae
KP15 TEM-1 (A), SHV-11 (A), - =16 _=16/8 =64 >128/4 >64/2 =16 =16 =32 _=>16 =32 =8 =8 =8 >4
KPC-2 (A) + >16 =64 >128/4 6472 >16 =16 1 =025 =05 1 =05
KP41 TEM-1 (A), SHV-1 (A), - =16 =16/8 =64 >128/4 _>64/2 =16 =16 =32 =16 =32 =8 >8 =8 =4
SHV-5 (A), SHV-11 (A),  + =16  >16/8 =64 >128/4 =16 =16 =32 =16 32 =8 >8 =8 >4
CTX-M-15 (A), OXA-
232 D)
KPs8 SHV-11 (A), VIM-4 (B) - =16  =16/8 =64 >128/4 >64/2 =16 =16 =32 _=16 =32 =8 >8 =8 >4
+ >16  >16/8 =64 >128/4 >64/2 >16 1 >32 =025 2 <05 =05
P. stuartii PS71  TEM-1 (A), SHV-5 (A), - =16  =16/8 =64 >128/4 >64/2 >16 =16 = =16 =8 =8 =8 :
VEB-1 (A), VIM-1 (B) + =16 =16/8 =64 >128/4 >64/2 =16 4 [16 | >16[8 =025 =8 1
P. aeruginosa VIM-2 (B) - =16  =16/8 >64_ 128/4 >64/2 =16 =16 =32 =16 =32 =8 >8 =8 >4
PA12, ST + =16  >16/8 128/4 ~64/2 >16 =32 =16 =32 =8 -8 =8 =4
111
A. baumannii OXA-23 (D), OXA-51 (D) - =16  =16/8 =64 >128/4 >64/2 >16 =16 =32 >16 = =8 =8 4 =4
AB14 + =16  =16/8 =64 >128/4 >64/2 =16 =16 =32 =16 =8 =8 4 =4

>
>

>
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“K; values were measured with imipenem as substrate.

H HO™ ™0 OMe

eoan Oz 17b
vaborbactam 4b 7a QPX7728
E Table 11. K, Values (in #gM) of ff-Lactamase Inhibition by 35, Vaborbactam, and Avibactam* E
| .
i enzyme class 35 vaborbactam avibactam E
E CTX-M-14 A 0.00029 + 0.00006 0.033 + 0.013 0.00041 + 0.00013 E
: TEM-10 A 0.00066 + 0.00023 0.14 + 0.014 0.0014 + 0.0004 !
E SHV-12 A 0.00074 + 0.00021 0.021 + 0.004 0.00027 + 0.00011 i
: KPC-2 A 0.0019 + 0.0010 0.056 + 0.015 0.011 =+ 0.003 :
E AmpC C 0.0085 =+ 0.0024 0.035 + 0.015 0.010 £ 0.002 i
| OXA-48 D 0.00028 + 0.00015 14+ 5 0.027 + 0.015 |
OXA-23 D 0.00074  0.00028 >40 17 + 0.4
| VIM-1 B 0.0080 + 0.0035 >40 >40 |
E NDM-1 B 0.032 + 0.014 >40 >40 :
i IMP-1 B 0.22 + 0.05 >40 >40 i
| |
.

@ Tian Group Scott J. Hecker,et al. J. Med. Chem. 2020, 63, 7491-7507. 32
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organism
all Enterobacterales
ESBLs (no CRE)"
CRE KPC
CRE OXA-48
non-CP CRE"

CR A, baumannii
P. acruginosa

Change in Log CFU/thigh compared to
untreated controls at the start of treatment

infection model.

CRE MBL (NDM, VIM)

no. of
strains

1015
507
157
150
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150
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Table 12. Minimum Inhibitory Concentrations of f-Lactam Antibiotics Alone and in the Presence of Compound 35 (8 ug/mL)“

MICyy99 (4g/mL)

Meropenem
300 mg/kg

CPM CPM-35 CTLZN CTLZN-35 MP MP-35 CTZDM-AVI  MP-VAB
32/>32 <0.06/0.25 32/>32 0.125/8 1/>32 <0.015/0.125 0.5/>32 0.06/>32

16/32 <0.015/0.0.03 8/>32 <0.06/0.25 0.03/0.125 0.015/0.03 0.125/0.5 0.03/0.06
32/>32 <0.06/0.25 >32/>32 0.125/0.5 32/>32 <0.06/0.125 1/4 0.06/2
>32/>32 0.125/0.5 >32/>32 0.25/0.5 32/>32 <0.06/0.125 0.5/1 16/>32
>32/>32 0.125/0.5 >32/>32 0.125/1 8/16 0.125/0.25 1/2 1/4
>32/>32 <0.06/1 >32/>32 16/>32 32/>32 <0.015/2 »32/>32 >32/>32
>32/>32 16/32 >32/>32 8/32 >32/>32 0.5/4 32/>32 32/>32

4/32 2/8 0.5/4 0.5/1 0.5/16 0.25/8 2/4 0.5/16

“Abbreviations: CPM, cefepime; (.R carbapenem-resistant; CTLZN, ceftolozane; MP, meropenem; CTZDM-AVI, ceftazidime—avibactam; MP-
VAB, meropenem— —vaborbactam. “Strains that do not produce carbapenem hydrolyzing enzymes.

Meropenem
300 mg/kg +

Meropenem
300 mgl/kg +

Meropenem
300 mg/kg +

Meropenem
300 mgkg +
Compound 35 Compound 35 Compound 35 Compound 35 Compound 35 Compound 35

Meropenem
300 mg/kg +

Meropenem
300 mg/kg +

0.5 mg/kg 1.0 mgikg 5.0 mg/kg 10 ma/kg 25 mgikg 50 mg/kg

Figure 6. Activity of meropenem alone or in combination with compound 35 against K. pneumoniae KP1244 in a 24 h neutropenic mouse thigh
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ClinicalTrials. gov Identifier: NCT04380207. 33



6+ 2gs5RE

VA A % B A 58 T DAl ik A L5 2/ T K
o (] A AL 1A T FF 2% HH A 20 B 0 2 o 5

0 i i i T DA 3 5 A [) B3 132 EL 49
PBPs, EF#E—SHMHEN

AT B — PIEERE I B 50 FE1E R SR B 4
EAYRERRFHFREIR

IR EXEX 2

34



&+ su5R2 [RY o' il

>%“eg%“eﬁﬂﬂ‘]wé}'%ﬁnﬂﬁﬁﬁﬁﬁ\ B BRI R IL S VIR AR T R IZ
*% ~ 0

> BTl #HEp P ERERNBINR (RESEARERFSS? A
a7 ) AARRHRESR.

> P4t B0 &0 PLEE £ APKIE TR BISBLAMBL R E ) HlI 38R 2

> ST ST B - P ERARES I EI AR TINIL, AT RS B - WBEAR
HY—EER?

> W HIERER1E 9 P 25 I Ik R _E Pl 355700 & 1) R 7

@ Tian Group 35



B ASHLTFISIE! EI =]

LR : R (Wit —F%) 'Ezﬁ‘
E —

H /: 20224£06H01H



