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Abstract Structure of the OXA-24:avibactam R39 DD-peptidase (class C PBP) in Comparison of OXA-24:avibactam complex with the
complex » complex with avibactam class A and C B-lactamases and PBP complexes

Avibactam is a non-beta-lactam beta-lactamase inhibitor in phase lll clinical development that / va.. B
IS active against class A, C and some class D enzymes. Its spectrum of activity is wider than the /) K218 y x |
beta-lactamase Inhibitors tazobactam, sulbactam and clavulanic acid. About 400 class D beta-
lactamases have been identified so far. These display a great variety of sequence and substrate
specificity including carbapenemase activity for enzymes such as OXA-24/40 and -48 which are
respectively expressed by clinically important A. baumannii and K. pneumoniae strains. The
efficacy of avibactam on class D beta-lactamases shows large fluctuations that cannot yet be

explained partly due to the lack of structural data.

In this study, we measured the inhibition of the carbapenemase OXA-24 and the
cephalosporinase OXA-163 by avibactam, showing a significantly higher susceptibility for the
latter. In addition, we determined the structure of the OXA-24:avibactam complex by x-ray
crystallography at a 3.1A resolution. The ring-opened avibactam molecule is covalently bound to
the active Ser81 and the first motif Lys84 is partially carboxylated. The conformation of the
iInhibitor is similar to the one observed in the class A and C beta-lactamases complexes. The main
difference Is the absence of a hydrogen bond with the asparagine of the second conserved motif
which is replaced by a valine in class D enzymes. The bond between the sulfate part of avibactam
and the rest of the molecule seems to be cleaved as proposed by Ehmann et al. but stays bound
to Arg261 and to Lys218 and Ser219 from the third conserved motif.
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Figure 2. Crystals of the R39 DD-peptidase contain
4 molecules in the asymmetric unit (8). In each of

Figure 1. Structure at a 3.1A resolution of the

' ibili - ' - avibactam molecule covalently bound to the active
1o O o o e 5 St e v e e s | S o e Sz . pan V- S15T ety sojad i
- - | electron density map is shown at a 1o level and Acylation rates avibactam (about 70% occupancy, only monomer A
likely responsible . e is represented). The corresponding 2Fo-Fc electron
y dashed lines denote hydrogen bonds between P ) P J .
avibactam and the protein. The first motif Lys84 is  oOxA-24 55 + 5 density map Is shown at a 10 level and dashed lines
only partially carboxylated (approximately 50%). OXA-163 1720 £ 75 deno?e hydrogen bonds. bet\_/veen awba(?tam and the PaAmpC ’ | R39 DD-peptidase \
Introduction The bond between the sulfate part of avibactam and R39- DD-peptidase 27 + 1 ‘I?'rdfoltglrc]ﬁ -trhheegsrléjlf?ct)ensn;?\gg rlr?ct)fi][a;rt\il r\llz)ltgrg:&; znig \
Penicillin Binding Proteins (PBPs) are the target of the widely used antibiotics of the -lactam family. They belong to 2 the rest of the molecule seems to be cleaved as OrAD” e observed with the rest of the compound V\?hiCh Figure 3._Superposi_tion of the QXA-24:avibactam (grey stigks and ribbons for
roups, the high molecular mass PBPs which are multimodular and involved in the peptidoglycan pulr merization (class proposed by Ehmann et al. (6) but stays bound_to OXAA8T HAR0 =00 interacts with the 2" conserved motif N300 the protein, black lines for avibactam and red dashed lines for hydrogen
i SB d?h I lecul PBPs (class C) involved tidoal turat gydd Yd X Arg261 and to Lys218 and Ser219 from the third * Values taken from Ehmann et al. This is the first struct f ox bet bonds) with the available avibactam complexes : A, the class A B-lactamase
and B) and the low molecular mass s (class C) involved in peptidog ycaﬁ maaf ur:? ion and degradation | conserved motif (6) for comparison is is the first structure of a complex between CTX-M15 (magenta, and black dashed lines for H-bonds) (9), B, the class A B-
One of the most efficient ways developed by bacteria to resist B-lactam antibiotics is the expression of proteins (f- This structure is similar to the one presented at the avibactam and a PBP. lactamase BlaC from Mycobacterium tuberculosis (green) (10), C, the class C
lactamases) capable of hydrolyzing them. These enzymes belong to four classes (A-D) depending on their sequence 2011 ECCMID conference by Docquier et al. (7). B-lactamase AmpC from Pseudomonas aeruginosa (cyan) (9) and D, the class
similarity and catalytic mechanism. C PBP R39 DD-peptidase (orange). The avibactam molecules are found in
Inhibiting both families of enzymes simultaneously is a very efficient antibacterial strategy. However, resistance Table 1. Data and refinement statistics very similar orientations in all cases but H-bonds networks slightly differ.
mechanisms arise more and more frequently and represent a growing threat for patients in hospitals, emphasizing the - » Despite the presence of an Arg residue covering the 3rd conserved motif in
continuous need for new efficient molecules. Avibactam is a non--lactam [3-lactamase inhibitor in phase Il clinical _ = Conclusions class A and D [3-lactamase complexes, only R261 of OXA-24 interacts with
development that is active against class A, C and some class D enzymes. Data Collection  The acylation rates of OXA-10 and -24 are similar to that of MtBlaC avibactam.
In this work, we present the structure of the class D B-lactamase OXA-24 and the class C PBP with DD-peptidase Spsce 9;0“'0 - 18'3145215; — 67'3;220181107 . (kK = 15 % 0.5)(10). This can potentially be correlated with the + OXA-24 is similar to MtBlaC in its absence of interaction with the 2n
activity from Actinomadura R39 (R39 DD-peptidase) in complex with avibactam, The acylation rates of OXA-24, OXA- 0B 0 00 90 00, 9436 90 absence of an Asn residue binding the avibactam in the second conserved motif
163 and the R39 DD-peptidase for this compound were also determined. : P v O) 9 - D conserved motif.
esolution range (%) 461-3.10(3.27-3.10)  46.2-2.2 (2.32-2.2) + OXA-48 and-163 which only differ by a 4 aa deletion in the loop
No. of unique reflections 9014 (1278) 99905 (14438) following the 3@ motif known to be critical for the carbapenemase
Methods Tergs ) 22'22(;3?;'1) 2‘;’ (‘21:':) activity (11) have a yet unidentified structural feature that compensates Refe_ren ces |
Protein expression, purification and crystallization. The OXA-24 B-lactamase and the R39 DD-peptidase were <S/r: ;:) 11_(2 (5,31) 1'2_8( (2:7; for the lower affinity fqrf avibactam due to the absence of a Asn in the - gggg”ana = Becelro A, Bou 6., Romero A, 2007. Proc Ratl Acad SCIU'S A 104:5554-
expressed and purified as described previously (1, 2). Crystals were grown at 20 °C by hanging drop vapor diffusion. Completeness (%) 100 (100) 98.1 (97,9) second conserved motit. | 2. Granier B., Duez C., Lepage S., Englebert S., Dusart J., Dideberg O., Van Beeumen J.,
For OXA-24, 2 ul of 10 mg/mL protein solution (20 mM Tris pH8) were mixed with 2 pl of a 1M ammonium sulfate and Redundancy VT ) 50 e As (_ex_pected from the structur_es, t_he loop followmg the 3rd consgr.ved Frére J. M., Ghuysen J. M. 1992. Biochem. J., 282 (Pt 3), 781-788
0.1 M bis-tris at pH 6.5 solution. The crystal was soaked for 25 minutes by adding 0.5uL of a 90mM avibactam s S motif in class D B-lactamases is unimportant for avibactam recognition. 3. Kabsch W. 2010. Acta Crystallogr D Biol Crystallogr. 66:125-132 |
solution. For the R39 DD-peptidase, 2.5 L of a 25 mg/mL protein solution (also containing 5 mM MgCI2 and 20 mM o . The R39-avibactam structure is the first structure of avibactam in 4. g/'Bu:rzzhO‘fgg‘éG'N" Vagin, A. A, & Dodson, E. J. . 1997. Acta Crystallogr D Biol Crystallogr.
Tris, pH 8) were mixed with 2 pyL of well solution (2.5M ammonium sulfate and 0.1 M MES, pH 6) and 0.5 uL of 0.1 M o ——— hieEh—an | haaianad complex with a PBP, showing similarities to the B-lactamase 5. Emsley P.C., K. . 2004. Acta Crystallogr D Biol Crystallogr. 60:2126-2132
CoClI2 solution. Crystals were soaked in a solution consisting of 6 pyL of 3M ammonium sulfate and 0.1MMES, pH 6, —— ' 15'9 o (é4 5 ' '18 67 (2'3 8)' complexes. 6. Ehmann D.E., Jahic H., Ross P.L., Gu R.F., Hu J., Durand-Réville T.F., Lahiri S., Thresher
and 0.5 yL of 90mM avibactam for 35 min before data collection. = free (06 22’95 (36-3) 22,59 (27-2) . The R39 DD-peptidase has a low affinity for avibactam (similar to J2 L|vchz.12k S., Gao N., Palmer T., Walkup G.K., Fisher S.L. 2013. J Biol Chem.
Structure determination. Data were collected on Proxima 1 beamline of the Soleil Synchrotron (Saint Aubin, France). e ———— | 1066 | ’14306' OXA-10 and OXA-24). despite the interaction with N300 of the 2nd , bgglg?:r)-\];?ﬁg;%/enuﬂ V.. Bruneau J.M.. Rossolini G.M.. Mangani S.. Miossec C.. Black
Intensities were indexed, integrated and scaled using XDS (3). Refinement and building were carried out using Number of water molecules 1 655 conserved motif. M.T. 2011. 215t ECCMID, Milan. italy, P09 | | |
REFMACS (4) and Coot (5). Data and refinement statistics are summarized in Table 1. Mean B factor (all atoms) (A2 20,2 s 8. Sauvage E., Herman R., Petrella S., Duez C., Bouillenne F., Frére J.M., Charlier P. 2005. J
: : : : : : ' Biol Chem. 280(35):31249-56
El;]’tza\i/rrlneacfllgroer;l(piﬁgcr:?i?/giisan -g(]e a}cylatlon r_ates of OXA-24, OXA-163 .and the R39 D_D_-peptldase_ for avibactam were RMS deviations from ideal stereochemistry: HO 9. Lahin S.D., Marfgazli S., Durand-Reville T., Benvenuti M., De Luca F., Sanyal G., Docquier
periments using the reporter substrates nitrocefin, ceftazidime and thiolester S2d. Bond lengths (A) 0.0099 0.0103 ‘o o, IK 0O 3.D.. 2013. Antimicrob Agents Chemother. 57(6):2496-505
Bond angles (°) 1,22 1,19 O~ N- 10. Xu H., Hazra S., Blanchard J.S. 2012. Biochemistry. 51(22):4551-7 | |
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