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A selection of V ,Hs that was performed in solution allows
the identification of CA1838 as an inhibitor of VIM -4,
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In order to increase the specificity and the diversity of the V,;Hs, the selection was realised in solution using
magnetic beads and Sulfo-NHS-SS-Biotin (Pierce). 55 different VHs could be obtained among which the on

inhibitor CA1838. This V,,H was fused to the so-called cherry protein in order to over produce it in E.coli.
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The main part of the interaction is driven by the h

stretch T ,,;YVF,,, Which is in the N -terminal part of the CDR3 loop.

These residues are probably present at the interfac
two proteins.
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Primary structure of the V,H CA1838. V,H's hallmarks amino-acids are in bold. Residues subjected to alanine
scanning are in red. (IMGT numbering)
B. Alanine-scan of CA1838’s paratope. ND: not determined
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UM (A) of cephalotin.
(V) 1 uM; (A) 2 uM; (m) 4 uM; (o) 6 UM; (¢) 8uM. R?: 0.9954

A. fractional activity plot using 25 uM imipenem (e); 175 uM benzylpenicillin (m) and 15 uM (V¥); 50 uM (A) and 80
B. Global analysis of Michaelis-Menten curves using equation in D. [Cherry-CA1838]. (o) O uM; (o) 0.5 pM;

C. Hanes-Woolf linearization of inhibitions curves. Data points high above apparent K, are removed in order to
see the converging lines beyond the y-axis typical of a predominantly uncompetitive mixed inhibition type.
[Cherry-CA1838]: (o) O uM; (o) 0.5 uM; (V) 1 uM; (A) 2 uM; (m) 4 uM; (o) 6 uM; (¢) SuUM.

D. Scheme representing the inhibition model and steady state parameters obtained by global fitting.
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dant enzymes able to hydrolyze a broad spectrum of clinically useful B-lactam antibiotics, including the most powerful carbapenems.
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Jer to discover new drugs. The selection of broad spectrum inhibitors against metallo-f-lactamases is made difficult first, by the diversity among
lasses, secondly by their mechanism which does not include any highly populated metastable reaction intermediates and finally by the fact that
e towards similar human proteins.
ted from two immune libraries of phages, 55 heavy chain antibody fragments (V,;H) able to bind the clinically relevant ML VIM-4. A phage display
ormed in solution by using biotinylated VIM-4 allowed us to select one inhibiting dromedary V,,H termed CA1838. This inhibiting V,H was fused to the
r to overproduce it in E.coli. The inhibition is in the uM range for all the B-lactams assayed and, with cephalotin, has been found to be mixed hyperbolic with a
petitive component. Moreover, a substrate inhibition occurred only when the V,H is bound.

dentifying binding hot-spots of CA1838, VIM-4 residual activities were measured in presence of 17 alanine mutants of the V H. The main binding determinant of the
a stretch of 6 hydrophobic amino acids in the CDR3. (T107, Y108, V109, F110, F112.2 and L114) Peptide-arrays allowed us to identify a conformational epitope on VIM-4
responds mainly to the hydrophobic loop L6 and the C-terminal end of the helix a2. As this binding site is distant from the active-site and alters both substrate binding and
c properties of VIM-4, this V,,H qualify to the definition of an allosteric effector. Therefore, the binding of cherry-CA1838 could inhibit the enzyme by interfering with molecular
otion required for efficient catalysis. \We hypothesized that the amino-acids stretch whose dynamic would be affected could correspond to the N-terminal part of helix a2 which is in
direct connection with the active site loop L7.
Thus, this work is another indication of the dynamic nature of metallo-5-lactamases, and the different VHs that have been selected could be useful for the resistance typing of
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Epitope mapping: scanning and truncation peptide ar rays allowed us
to define the conformational epitope of CA1838 asb  eing composed of

two amino -acids stretches that are in close proximity, solven t exposed
and distant from the active site. (i.e. LPVTRAand VLRAAG)
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A. Scanning peptide array of VIM-4 showing a conformational epitope for the V,H CA1838.
B. Amino-acid sequence of the conformational epitope. (Spot B3-B13: lgo-G,353)
Secondary structures are labelled. Zn?* coordinating amino-acids are in bold and solvent exposed residues are underlined.
C. Overlapping peptides B3 to B13. Exposed amino-acids thought to be the main determinant for binding are highlighted by
dark grey shading. Light grey shading represents amino-acids giving rise to artifactual signals that would be due to the array

format, as suggested by similar peptide D11.

D. Truncation analysis of the epitope realized by peptide array. The left column in the table shows by decreasing density the
truncated peptides still recognized by CA1838. No density was observed for peptides in the right column. Residues in yellow
(loop L6 and C-terminal a2 helix) are determinant for binding whereas residues in red and magenta (active site loop L7 and

N-terminal a2 helix) are not.

Substituting the epitope by the the corresponding s equence of BlaB
results in a chimeric functional M  BL that is not recognized by the V  H.
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A. Crystallographic structure of VIM-4 (PDB: 2WHG). The epitope region lgg-G, 35 IS in dark green. Amino-acids stretches
LPVTR and VLRAAG are displayed dark grey. Zn?* ions are in grey sphere, Zn?* coordinating amino-acids of loop L7 are in
red sticks.

B. ELISA experiment with coated WT VIM-4 (e) and coated VIMAepitope (o). VIMAepitope corresponds to VIM-4 ML
whose epitope has been substituted by the corresponding sequence of BlaB, which results in a chimeric functional ML
which is not recognized by the V,H CA1838.

C. The main differences between the epitope corresponding sequences of VIM-4 and BlaB are found in loop L6 and in the C-

w part of helix a2, which emphasized the importance of these two stretches for binding. (see alignment) /

Because the V jH CA1838 binds to a site distant from the active  -site and alters
both substrate binding and catalytic properties of VIM-4, this V  H qualify to the
definition of an allosteric effector with kinetic p arameters a and B (table 1)
quantifying the allosteric coupling.

MD studies have identified a local flip of the acti  ve site loop L7 that would be a
conformational response to the increase in Zn  -Zn distance upon binding of a
ligand in the active -site (Salsbury et al, 2009). Binding of CA1838 could prevent
such a dynamic flip, thereby acting as an allostert c inhibitor of VIMs M BLs.
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