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A new generation of B- Iactamase inhibitors: Structure
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Different modes of action
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Inactivation spectrum Qf>aV|bactam

B-lactamase & Questions to be addressed:
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Naturally occurring B-lagtamases not inactivated by avibactam
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Structural data provided a clue
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Impact of S@’KI <> SDG substitutions
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Impact of S@"ﬁl <> SDG substitutions
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Conclusions &
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Impact okaDN <> SDG substitutions
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Conclusion &

» The SDN - SD@ substitution has similar impacts on the spectrum of
inhibition of&fstantly related Class A B-lactamases from mycobacteria and
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MIC of amoxicillin (S) against&E' coli producing Bla,,_, (E) with or without avibactam (l)
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Emergence of ceftaZ|dme avibactam resistance in enterobacteria

(Resistance: MIC of cef&%mdlme > 8 ug/mlin the presence of 4 ug/ml of avibactam)
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Impact of D'7%Y in KPC-2 on the :
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Conclusions &
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» D17?Y is sufficient fﬁr resistance to the combination since it enables the
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CTX-M B-lactamases are rng’ractory to gain of ceftazidime-avibactam resistance
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B-lactamase inhibitor
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Dual role of
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Additional target(s) for avibagtam and derivatives
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MIC of amoxicillin against E. coli straips producing BlaC from M. tuberculosis E =BlaC
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MIC of amoxicillin against E. coli straigs producing BlaC from M. tuberculosis
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MIC of amoxicillin against E. coli straigs producing BlaC from M. tuberculosis E =BlaC
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TABLE 3 Impact of avibactary 5n the MICs of B-lactams for E. coli strains producing various B-lactamases
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MIC éﬂ%\fml} of indicated p-lactam with or without Avi or Clav? o _@.@1‘0

‘ 5iﬁ%xlclllin Ceftazidime &ﬁ}tarullne Aztreonam \\q,‘z'c}'

& < &
pB-Lactamase  , .2* None Avi  Clav None Avi Clayoeé" None Avi Clav None Avi 0’6& Clav
None? & 2 2 2 0.25 025 0% 006 006 006  0.25 eSS 0.25
KPC-2 %8‘ >4,096 256 2,048 128 1 0@2 =>1,024 1 128 =>1,024 -OQ‘%.ES 128
KPC-2 NIAR 2,048 2,048 8 1 1 @'ef‘\ 0.5 32 0.5 0.06 1 b"é\ 0.125 0.25
CcT K-f@'@p 4,096 2 16 16 0.5 0.5 =>2,048 0.06 0.06 128 Q@ 0.25 0.25
CcT 1@“-15 N'32G 128 8 4 0.5 6&3 0.25 0.5 0.06 0.06 {}.%SQ' 0.25 0.125
—Q" — 4
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TABLE 2 Impact of DY substitution on kinetic parameters of KPC-2 for hydrolysis @

B-lactams ‘\6\
Results® ) c;@
Kinetic parameter by f-lactam KPC-2 K2 D75Y
Ampicillin A
ke (s77) 200 + 10 ) Q}\eNeﬂ
Ko (M) 200 + 40 & NA
keael Ko (M7 - 577) (1.0 +02) % 10° Q’b NA
<
CENTA o
k(571 w10 QO 0.11 = 0.01
K, (uM) 32xz8 L 23+3
kK, (M1 - 577) 3.1 +gjaP>< 108 (4.8 = 0.6) % 103
i, b‘"
Ceftazidime
k.. (s Qféﬂ 4 (13 02) x 10-3
Ko (M) Ce00 194
k_ /K (M-1.5-7) \i@ (3.7 + 0.1) x 108 70+ 20 . .\@a'
Ceftriaxone ‘ 54.\0 \'Q}
ke (577 R =25 (7.0 = 0.1) x 104 i{\‘
K. (M) e =100 020 + 0.03 &
kK (M1 57) {Qjo (25 + 0.1) % 10° (3.5 + 0.5) % 10° W@
Aztreonam 6\\5’ &Q/
keas (577) a8 =350 NA Q’b
K (pM) O =5 % 102 NA <
ko fK {Ko 5 1) (69 = 03) x 10° NA (Q'eé\
Mergy O
’?I 18+02 NA 5}0
tth 277+9 MA b\)
Q~ keonglKy (M1 - 57) (6.7 +23) x 10° MA O
Imipenem KQ"Q
k(s 48+5 NA x%
K (M) 66 * 21 WA /\0\)
kK (M-1.5-1) (73 +24) x 105 MA .
\\6
Clavulanate ‘?}
k_, (s 52+ 07 NA ol
K (M) 36+ 4 NA o
k. /K (M. 51) (14 +03) x 105 NA R

detected at the highest g-lactamase concentration tested (10 wM). Under these co

ions, the lower

“NA, not applicable, as hydrolysis of A-lactams (100 uM, except for aztreonam at H& was not

limits of detection commespond to a turnover of <2 = 1072 . 571 <26 = 10 3
51,

clavulanate, respectivaly. ,-L
tData are means * standard errors of the mean (SEM). ?‘5
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/\0 KoK (M1 - 57) (3.7 0.4} % 10° 70+20 2
. _ Z

Ceftriaxone ‘9
ke 577 =25 (7.0£0.1) % 10°% {K.
Ko (M) =100 020 * 0.03 KO
koK, (M7 - 571) (25 =01} % 105 (35 +05) X 10° Q)

Aztreonam \)C,
ke (s77) =350 NA &0
K, (eM) =5 x 108 NA %
keolK, (M7 570 (69 =03) % 10° NAQ\

Meropenem rl-’
kea (577 18+02 A
K, (M) 27x9 \(,Y.NA
Keae/ Ko (M7 2577 (67 =2.3) x 10° Q~. NA

Imipenem
ke (57 4B +5 NA
K, (M) 66 = 21 NA
kel Ko (M7 571) (7.3 =24) x 105 NA

Clavulanate
k_, (5 52+0.7 NA
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RS
K:@'Q’ MIC (mg/L) of amoxidllin in the presence of the indicated inhibitor
S
p-Lactamase Residue 132 é}@e’ none avibactam (4 mag/L) clovulanate (4 mg/L)
Mone MNA @(0 2 2 2
Blasan N @eQ 5512 4 =512
BlaC {gb 512 64 8
Blaman N'4G L6 >512 64 32
BlaC G'**N oC"\ N 512 2 64
N\ S\@'
MA, not applicable. @,Q &q}
4 x@ N
5 & N
éel \ 'b&el
TABLE 2 In\b{i'ct of the N'*3G substitution in KPC-2 and CTX-M-15 on the kinetic parameters oQ.’-bctams and their hydrolysis ,&Q
&6\ Amoxklliin Nitrocefin c-hun,b& Cotamiine Aztreanam &
Keu K XN
psp‘?um Kot (571) Ky (UM Kl (M7 571) ke (577 Ko (M (M1 57Y) ;5),;@(((!;! M (M7 37') kg (57 Koy (BM) Kepo®in (M~' 577} ko (5~') x?‘m Ko /Ky (M~ 3]
.2 150=10 1905 (79=02 X 10" 4222 1N=3 2A9=10x100 >8 >0 A7z X 1¥ > >80 (S.1=22 %100 >3% 000 85 =0.3) X100
ATWCINEG 70=04 46+3 N5=0Hx10* /=21 =3 (13=z0x 10° 5 >600 14=3 >28 >600 AS=02 X100 >Q6  §>5000 98 =1.9) x10'
(J\k CIM-1S 4024 1921 [4A8=QS5 X105 190230 =17 “UO215H X (QC514 >600 R2=0N X W 9026 S1=12 8204 X106 122 <150 >80 x 109
Q CTM-1S 03=001 <50 >62 X 100 83=03 13207 25209 x >001 >600 13=1 47=05 M0=50 N9=04 x 100 032006 3600 1,100 (90 =20 X 10
°F N & <0
N 190
MIC (pug/mi) or Indicated p3- lactarri&ntn or without Avi or Clav® {'czf’
<O
Amoxicillin 0\ Ceftazidlme Ceftaroline Ko{" Aztreonam
z
B-Lactamase None Avi Clgiv“ None Avi Clav None Avi &éi?av None Avi Clav
None? 2 2 ,,Qi‘ 0.25 0.25 0.25 0.06 0.06 3 ¥ 0.06 0.25 0.25 0.25
KPC-2 =>4,096 256 o 2,048 128 1 32 =>1,024 T 128 >1,024 0.25 128
< 2
KPC-2 N'32G 2,048 2,04@3" 8 4 1 0.5 32 &% 0.06 1 0.125 0.25
CTX-M-15 4,096 23 16 16 0.5 0.5 >2048 ©006 006 128 0.25 0.25
CTX-M-15 N22G 128 4 0.5 0.5 0.25 0.5 0.06 0.06 0.25 0.25 0.125

a\falues are the medians of results from three to five independent determinations. None. absence of avibactam and clavulanate: Avi. presence of avibactam (4 wa/ml):



BlaC Km Kcat kcat/Km, M/s tableau kcat/Km, uM/s n@at/Km, M/s
o
Amoxicilline 44 5.8 130000 0.131818182 Q}b 131818.1818
Nitrocéfine 70 35 490000 0.5 \Q,\g' 500000
Céfoxitine 140 1.1 7900 0.0078571@‘ 7857.142857
Céphalotine 260 23 88000 0.0884a,538 88461.53846
Céftazidime >200 >0.004 270 0@02 20
Céftaroline >300 >4.5 16000 QSU.OlS 15000
Imipénéme 142 0.13 830 219.000915493 915.4929577
Méropénéme 1 0.0003 330 rel@ 0.0003 300
Faropéneme 140 0.3 2100 (’\\ 0.002142857 2142.857143
Aztréonam 1600 0.18 1&0} 0.0001125 112.5
Clavulanate \5@20 #DIV/0! #DIV/0!
Avibactam .,\Ob 63 #DIV/0! #DIV/0!
R
<
4
BlaC G132N Km Keat)> kcat/Km, M/s tableau kcat/Km, uM/s Kcat/Km, M/s
Amoxicilline 220 nQ:-:,ZG 120000 0.118181818 118181.8182
Nitrocéfine 32 q\‘\ 54 1700000 1.6875 1687500
Céfoxitine 44 .QI%Q/ 0.013 300 0.000295455 295.4545455
Céphalotine >i;59 >32 110000 0.091428571 91428.57143
Céftazidime "\@ 0 >0.02 59 5.71429E-05 57.14285714
Céftaroline c.,b 160 1.4 8700 0.00875 8750
Imipénem 0‘*} 10 0.12 12000 0.012 12000
Méropérﬁg‘n 0.9 0.0004 440 0.000444444 444.4444444
Farog€h&me 18 0.06 3300 0.003333333 3333.333333
%{ onam >1600 >4 2100 0.0025 2500
q@vulanate 21000 #DIV/0! #DIV/0!
@ Avibactam 8900 #DIV/0! #DIV/0!
<0
1.5t
N
<
1S
@
x5
A
8]
3
\-)"9
<0
D
C.')‘\’
v
o8
R

BlaMab

Amoxicillin
Nitrocefin
Cefoxitin
Cephalotin
Ceftazidime
Ceftaroline
Imipenem
Meropenem
Faropenem
Aztreonam
Clavulanate
Avibactam

Km
890

Kcat kcat/Km, M/s tableau
780 880000
1000 43000000
0.003 6.7
6.7 410000
>0.03 83
>22 55000
2.7 30000
1.8 15000
1.2 10000
1.8 620
210000
110000
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K (HM)
ket (57)
Koot/ Ky (M2 5°2)

K (WM)
Keat (57)

b\)
@QS?
/K (M 572)
Ky (HM)
Kot (572)
Kot/ Koy (ML 5°2)
K (WM)
Kot (572)
Koot/ Ky (M2 5°2)
Kin (M)
Keat (57)
Kot/ Ky (M2 5°2)

Kin (HM)
Keat (57)

Koo/ Koy (M2 572)
Meropenem Kpy (M)
Koyt (572)
Keoo/Ky (M 571)

Koy (HM)
Keat (57)

Faropenem

KooK (M1 51)
Aztreonam Kpp (UM)
Keat (57)
Keat/ Ky (ML 572)

Co

Parameter

Koot/ Ko (M-lél,\

Y
X
BlaC Q,c’

(D&
>
(\.

(2

|3
71£11
3517
4.940.8x10°
140£30
1.1£0.07
7.9+1.8x10°
26050
23122
8.8+1.9x10"
>0.004
2.7 0.62x107
>300
545
1.6+0.05 x10°
142429
0.13£0.02
83423107
120.2
0.00030£0.00002

Ry

S| ]
o

%

B-lactamases (conserved motif)

BlaC G2N Blayy, Blay,, N12G
21744 890+ 200 > 1150
26£3.0 780+ 50 >80
1.2+0.3x10° 8.8 +2.0x10° 7.3 +1.0x10*
32:80 2837 26+4.8
54+6.0 100070 120+ 51
1.7 £0.5x106 4.3+1.2x107 2.2+1.0x10°
44428 500+ 270 350+ 25
0.013 + 0.002 0.003+0.001 0.0016 * 0.000075
3.0 £2.0x10? 6.743.8 45+0.39
>350 1741 220+ 44
>32 6.7+0.1 0.39+0.04
1.1+0.1x10° 4.1+0.2x10° 1.8+0.4 x103
- >200 8935
>0,02 >0.03 0.00048 + 0.00008
5.9 +0.3x10! 8.3+1.2x10 54+23
162+46 >400 >300
1.40.22 522 >0.0028 Q’b
8.742.8x10° 5.5%0.2x10° 1.0+0.2x10' &
o
10+1.0 90+40 > 700, (Q
0.12+0.002 27403 S @Q
X
0(»
1.2 0.1 x10* 3.0£1.4x10° b 9.5+0.7 x10?
©
0.9£05 120£20 .&@Q > 450
x<
o000 2 »06
44+24x10° 'Q/c" 1.5:0.3x10* 1.4+0.03 x10°
18+4.0 @?\ 120426 >250
006 204 1268012 >03
<5

6* 1.0£0.2x10¢ 1.040.1 x10?
> 1600 2900+300 >2000
>4.0 1.8+0.2 >0.0008
2.1+0.32 x10° 6.2+0.9x10° 0.26 +0.09

Blay, Blayma
710+ 90 45+ 16
540+ 30 124%13
7.6+ 1x10° 2.8+ 1.0x105
65420 25414
93070 2.740.3
1.40.5x107 1.0£0.1x10°
>800 210445
>0.01 0.064+0.004
151 300&(}
50420 §{u_30
120£10 Q} 32£0.02
2.3:1x1u@“ 1.90.3x103
>300 .-_’".., 170430
>0,0804 0.320.02
,\Q\}.‘uo.os 1.9£0.3x10%
3316 >300
110#50 >0.02
3.041.5x10° 5047
70+10 43410
1.3£0.05 0.0031£0.0002
1.9£0.3x10" 71417
742 1046
0.36:0.02 0.00180.0001
5.5+1x10° 1.741.0x102
4318 46509
1.120.06 0.00140.0001
2.5+0.3x10% 3.0£0.6x10%
>3000 2500
0.3 >0.03
100£10 751

Blas

63+12
170+ 10
2.7 +0.5x10°

160+40
64050
4.0+1.0x108

>700
>0.001
1.5+0.2
9.3+2.2
221
2.4+0.6x10°
>300

>0.03
110+10
2911
25020
8.3+2.9x10°8

650+130
0.10+0.01

1.5+0.3x10?

2245

0.0095+0.0005

4.3+1.0x10%
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B-lactam \)55\0 M. tuberculosis M. abscessus
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Clavulanate E)_f Irreversible inactivation qu\@?ysw
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Nitrocefin
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