Abstract #58795

Effect of the cyclic octasaccharide octakis(6-deoxy-6-amino)cyclomaltooctaose (am8γCD) on the
sensitivity of carbapenem-resistant Klebsiella pneumoniae to complement-mediated killing
José R. Mediavilla, MBS, MPH1; Ruchi Pandey, PhD1; Scott S. Walker, PhD2; Christopher M. Tan, PhD2; Todd Black, PhD2; Barry N. Kreiswirth, PhD1
1Public

ABSTRACT
Background: The global spread of carbapenem
resistance and the recent identification of plasmidencoded colistin resistance in Gram-negative
Enterobacteriaceae have dramatically limited effective
treatment options, thereby prompting a call for novel
approaches that circumvent antibiotic resistance. A
recent study (Kong et al., 2013) demonstrated that the
cyclodextrin octakis(6-deoxy-6amino)cyclomaltooctaose (am8γCD) interferes with
K30 capsular polysaccharide (CPS) export by
Escherichia coli efflux channel Wza, and enhances
sensitivity to complement-mediated killing. We
extended these studies to Klebsiella pneumoniae, a
clinically important, commonly multidrug-resistant
pathogen which possesses a similar Wzy-dependent
CPS biosynthesis pathway.
Methods: Wza sequences from 183 clinical K.
pneumoniae strains were aligned, and 50
representative strains corresponding to 18 K.
pneumoniae multilocus sequence types were selected
for complement-mediated killing assays in the
presence and absence of am8γCD. Assays were
conducted in triplicate with 104-fold dilutions of
overnight culture. Test conditions included: a) RPMI
medium, b) 40% (pooled) human serum, c) 40%
human serum with 0.1 mM am8γCD, d) 40% human
serum with 1 mM am8γCD, and e) 40% deactivated
human serum. Mixtures were incubated at 37ºC for 1
hour and plated overnight for colony-forming units.
Results: Of the 50 strains, 32 were sensitive (64.0%),
10 (20.0%) displayed intermediate sensitivity, and 8
(16.0%) were resistant to both serum and am8γCD.
Among the sensitive strains, 6 were highly sensitive to
both serum and am8γCD, 4 were sensitive to am8γCD
only, and 1 was sensitive only to 1 mM am8γCD. Strains
with identical Wza sequences generally exhibited
similar phenotypes, with few exceptions (n=7). Further
experiments with knock-out mutants (Δwza, Δwzy)
resulted in complete sensitivity, with resistance
restored after complementation of wild-type wza and
wzy.
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INTRODUCTION
Antibiotic resistance is a growing problem worldwide, with few new
drugs on the horizon. Carbapenem-resistant Enterobacteriaceae
pose an especially troubling clinical and public health threat.
A recent study (1) demonstrated the potential use of cyclodextrin
analogs to block capsular polysaccharide (CPS) formation in
Escherichia coli, thereby rendering Gram-negative pathogens
sensitive to complement-mediated killing by human serum.
We sought to extend these studies to Klebsiella pneumoniae, another
clinically important member of the Enterobacteriaceae family which
utilizes a similar Wzy-dependent CPS synthesis pathway.

RESULTS

Δwza and Δwzy knock-outs

Of the 50 K. pneumoniae strains , 32(64.0%) were sensitive to serum
and/or am8γCD, while 10 (20.0%) displayed intermediate sensitivity,
and 8 (16.0%) were completely resistant. Use of am8γCD in the
presence of deactivated human serum typically had no effect.

To further investigate the role of the Wzy-dependent CPS pathway in
serum sensitivity, ∆wza and ∆wzy knock-out mutants were created in
E. coli using the Red/ET Recombination system (Gene Bridges GmbH).

Among the 32 sensitive strains, 6 were completely sensitive to both
serum and am8γCD, 4 were sensitive to am8γCD only, 2 were sensitive
only to higher concentrations (1 mM) of am8γCD, and 1 was sensitive
to serum alone (with no effect from am8γCD).
Wza amino acid sequence correlated somewhat with assay outcome,
with 20 Wza patterns associated with concordant phenotypes, vs.
only 7 Wza patterns associated with discordant phenotypes.

∆wza::wza and ∆wzy::wzy complemented mutants were also created
using the pGlow TOPO® TA Expression Kit (Invitrogen), and subjected
to complement-mediated killing assays along with the resistant
parental strain and the corresponding knock-out mutants.
Knocking out either wza (capsule export) or wzy (capsule
polymerization) rendered the parental strain completely sensitive.
Conversely, replacing them by complementation restored a resistant
phenotype, showing that complement killing is capsule-dependent.

Figure 1. A) Schematic cross-section of the Wza
portal; B) overhead diagram of Wza with bound
K30 CPS units; C) molecular structure of cyclic
octasaccharide am8γCD, suggesting its potential
role as an inhibitor of CPS transport through the
Wza portal. Figures from Kong et al 2013 (1).

METHODS AND MATERIALS
A total of 50 genotypically diverse K. pneumoniae strains (as shown
by MLST) with representative Wza amino acid sequences were
subjected to complement-mediated killing assays in the presence
and absence of two concentrations of the cyclodextrin am8γCD
(CycloLab, Budapest, Hungary).

Figure 3. Example result of complement-mediated killing assay for four ST258 K.
pneumoniae strains with identical Wza sequences, using five experimental conditions:
1) no serum, 2) serum only, 3) serum with low [am8γCD], 4) serum with high [am8γCD],
and 5) deactivated serum with high [am8γCD]. Bars denote averages of triplicate
colony counts, normalized to RPMI (no serum). RPMI, media without serum; HS,
human serum; CD, cyclodextrin am8γCD; DHS, deactivated human serum.

CONCLUSIONS
K. pneumoniae strains exhibit diverse cyclodextrin-dependent
responses to human complement. The majority of strains displayed
sensitive phenotypes, while resistance was randomly distributed
among genotypically diverse sequence types.
The observed correlations between phenotypes and Wza sequences
were not consistent, suggesting that other factors may be involved.

Conclusion: Our findings demonstrate that K.
pneumoniae strains exhibit different cyclodextrindependent responses to human complement, with
most displaying sensitive phenotypes. These
differences may be further exploited to identify novel
molecules that interfere with capsular biosynthesis,
offering an alternative approach to antibacterial
intervention.

Future studies should include:
• extending the assay to other Gram-negative species
• repeating the assay using other cyclodextrin compounds
• targeting other capsular biosynthesis genes besides wza and wzy
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Figure 2. A) Materials used for complement-mediated killing assay; B) 96-well plate
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overnight incubation, showing both resistant and susceptible phenotypes.

Table 1. Summary of complement-mediated killing assays for 50 genotypically diverse
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sequence typing; ST, sequence type; R, resistant; I, intermediate; S, sensitive.
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