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Report:

The therapeutic problems posed by class D (-ladamases, a family of serine-enzymes hydrolysing [3-
ladam antibiotics following an acgylation-deag/lation medhanism, are increased by the very low level of
sengitivity of these enzymes to B-ladamase inhibitors. To gain structural and medhanistic insights for the
design of new inhibitors, we have undertaken the structural study of the dassD [-ladamase OXA-13 from
Pseudomonas aeruginosa in the go form and in complex with an antibiotic of the cabapenem family,
meropenem, which ads as an inhibitor [1].

We olleded X-ray diffradion data sets on the beamline ID14-2 at the ESRF using two dstinct crystal
forms that we obtained from the same @ndtions of crystali sation. The two forms corresponcded to damond
shaped crystals (form 1) and to medium-sized rods (form II) with well formed faces. Both crystal forms
belong to the orthorhombic aystal system with spacegroup P2;2,2; and cdl parametersa = 50.7A, b =81.7
A, c=1255A, a0 =B =y=90°(form ) anda=45.3A, b=112.3A, c=125.0A, a =B = y=90° (form II).
All X-ray diffradion dbta were recorded oncryo-frozen samples. The aystals were soaked for afew seands
in a ayoprotedant solution containing 22% (w/v) PEG 4000, 0.2M lithium sulfate, 0.1 M camdylate sodium
buffered at pH 5.5 and 20% (v/v) PEG 400. Flash-freezing of the aystals was achieved with a nitrogen gas
stream at 100 K delivered from an Oxford Cryostrean. The data set of the OXA-13 enzyme was coll eded



from crystals of form | at a maximum resolution o 1.8 A. The OXA-13:meropenem complex was prepared
by soaking crystals belonging to form Il into a drop d mother liquar containing 5 mM of meropenem. The
crystals were soaked for one hou. The data set of OXA-13 complexed with meropenem was recrded from
crystals of form Il to 2.0A. Each data set was obtained from a single aystal. Raw diffradion images were
indexed and integrated with MOSFLM version 6.0[2]. Data scding, merging and reduction was caried ou
with the programs of the CCP4 suite [3]. Relevant statistics are presented in Table 1.

Data set OXA-13 OXA
13:meropenem

Resolution limit (A) 20.01.8 30-2.0
Number of measured refledions 167073 280280
Unigue refledions 47483 43003
Multi plicity 3.5(3.0* 6.5(2.2
Completeness(%) 97.3(32.8 97.7(87.89
<l/ol> 16.9(2.8 15.5(1.5
Rimerge (%) 5.0(22 9.2(39.9

Table 1 : Data mlledion statistics. *The numbers in bradkets are the values for the
highest resolution shell (1.81.9 A for the OXA-13 dhta set and 2.02.1 A for OXA-13:
meropenem data set).

The aystal structure of OXA-13 was determined by moleaular replacanent using the program AMoRe
[4]. The refined structure of OXA-10 [5] (PDB entry code 1EWZ) at 2.4 A resolution was used as a seach
model. After an initial rigid-body refinement applied with the FITING subroutine of AMoRe, two solutions
were foundwith a crrelation coefficient and a aystallographic R-fador of 67.3% and 39.7% respedively.
The 2 solutions correponded to 2 moleaules in the asymetric unit that are related by a non-crystall ographic
symmetry defined by a rotation axis which was foundto be paralel to the b axis, the rotation angle being
approximately 180°. The first rounds of refinement of the OXA-13 model were performed with X-PLOR
3.851 and then subsequent cycles of refinement were performed with REFMAC version 4.0[6,7]. The R-
fador and R-freeyielded a vaue of 19.7% and 24.7% respedively. The stereochemistry of the final model
was analysed with PROCHECK [8] : 90.4 % of the residues for moleaule A and 91.4% of the residues for
moleaule B are located in the most favored regions of the Ramacdhandran plot.

The structure of the OXA-13:meropenem complex was lved by moleaular replaceanent using the
mode of OXA-13 (withou solvent moleaules) as a seach probe. Two solutions were obtained with the
program AMoRe ad then refined with X-PLOR 3.851 and with REFMAC at the end d the refinement
protocol. The meropenem moleaule was modell ed covalently boundkd to the side chain of Ser67 in the adive
site of bath monamers A and B of OXA-13. The fina round d refinement yielded a R-fador and R-free of
20.4% and 25.6% respedively. The stereochemicd quality of the final model of OXA-13:meropenem was



anaysed with PROCHECK : 91.8% of the residues for moleaule A and 90.4% of the residues for moleaule
B arein the most favored regions of the Ramacdhandran plot.

The native form of OXA-13 consisted of a dimer displaying an owerall organisation similar to the one
found in the dosely related enzyme OXA-10 [9]. In the agl-enzyme wmplex, the pasitionnng of the
antibiotic gopeaed to be mainly ensured by (i) the covalent acyl bondand (ii) a strong salt bridge invalving
the caboxylate moiety of the drug. Comparison d the structures of OXA-13in the gpo-form and in complex
with meropenem reveded an ursuspeded flexiblity in the region d the essntial residue serine 115, with
possble ansequences on the cdalytic properties of the enzyme. In the go form, the Serl15 side dhain is
oriented ouside from the adive site, whereas the general base Lys70 adopts a anformation which seams to
be not compatible with the adivation d the cdalytic water moleaule required for the deaglation step. In the
OXA-13:meropenem complex, a 3.5 A movement of the badkbore of the 114-116 loop towards the side
chain o Lys70 was observed, which seems to be driven by a displacanent of the neighbouing 91-104 loop
and which results in the positionning of the side dain hydroxyl of Serll5 toward the cdalytic centre.
Concomitantly, the side chain of Lys70is forced to curve in the diredion d the deaglating water moleaule
which is then strongly bound and adivated by this residue. However a distance of ca 5 A separates the
caaytic water molecule from the agl carboryl of meropenem, a structural feaure which acourts for the
inhibition d OXA-13 by thisdrug (Figure 1).
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Figure 1 : Detailed view of the active site region in OXA-13. The OXA-13:meropenem acyl-enzyme complex
is depicted using CPK colours and is superimposed to the structure of the active site of the apoenzyme (in
green). The catalytic water molecule HOHL is depicted by a red sphere. Hydrogen bonds are represented
using green dotted lines. Distances are indicated with black dotted lines.

Thiswork has been submitted for publication to Journal of Molecular Biology [10]
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