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Symmetric cationic γγγγCD

as extracellular inhibitor for bacteria

The worldwide spread of antibiotic-resistant microorganisms can be viewed as an ecological

consequence of the systematic use of antimicrobial agents and presents an enormous

challenge to society with opportunity for innovative solutions. 

Various alternative strategies are under development, such as plasmid containing engineered

DNA to destroy genes of pathogens [1], antimicrobial cationic and cyclic peptides all of which

involve interaction with the bacterial cell membrane leading to cell death [2], enhancing the

host's response to infectious agents through vaccination and immunomodulation [3], blockade

of bacterial intercellular communication by using agents attacking quorum sensing molecules

[4], bacteriophages therapy, where pathogens may be targeted through manipulation of phage

DNA [5], non-antibiotics, compounds having potential to modify cell wall permeability with

broad spectrum antimicrobial activity, antitumor antibiotics, compounds like azinomycins that

show potent activity against multidrug resistant bacteria [6], phototherapy by using

differential phototoxicity of photosensitizers in bacterial and human cells [7].

Cyclodextrins improve the solubility, stability and bioavailability of many antibiotics. CD-based

formulations enable the controlled release of a variety of antibiotics such as vancomycin,

tetracycline and doxycycline.

The advantages to use CDs for antibiotic delivery are clearly demonstrated by the formulations

already in the market such as Pansporin-T (Takeda, Japan), Meiact (Meiji Seika, Japan), Mito

Extra (Novartis, Europe) and Clorocil (Oftalder, Poland).

Recent studies have shown additional properties of the CDs. Indeed, these versatile molecules

can be considered more than simple excipients, since they could work as antibiotics

themselves. In a recent paper appeared in Nature Chemistry [8] Hagan Bayley, Ben Davis and

co-workers showed how the adaptation and application of the latest technologies to new

biological problems can result in novel contributions to the drug discovery process. The main

idea of this work is based on the discovery systems able to weakening the outermost sugar

protective coating around Gram-negative bacteria. With the modification of the outer

membrane, the bacteria can be recognized and suppressed by the mammalian immune

system.

So far, researchers have not been able to develop drugs capable of disrupting the capsular
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polysaccharide layer. The pathogenic strain of E. Coli selected by the team from the university

of Oxford produces the capsular polysaccharides for its protective coating by connecting sugar

repeat units together inside the cell and then transporting the resulting polymers to the cell

surface through a pore. This channel is formed by the trans-membrane protein Wza complex,

an eight-fold symmetric bottomless vase-shape assembly that spans the outer cell membrane

(Fig. 1). 

Fig. 1: A) Schematic representation of the transport of capsular saccharides through the Wza

pore, B) Cross-section view of the Wza pore showing the octameric superstructure (drawn

after Kong et al. [8]

The researchers have screened by single channel electrical recording in planar lipid bilayers (a

recognized model for discovering channel blockers [9-10]) a series of glycomimetic molecules

as potential channel inhibitor. In order to have a more effective screening test, the team had

to engineer an open form of Wza. 

After expression of the wild type Wza in a cell-free system, purification of the octamer by

SDS-Page, careful modeling of some mutants pores and combination of the obtained data with

the X-ray structure of the wild type Wza, they could produce an open form of the protein and

start the screening.

Among the tested molecules the most effective Wza inhibitor (dissociation constant ~13 µM)

proved to be the octakis(6-deoxy-6-amino)-γ-cyclodextrin (6-Am8-γCD) (synthesis and

structure in Fig 2). Inhibition is thought to have been achieved by binding of 6-Am8-γCD to a

previously unknown binding site of the Wza alpha helix barrel, a site that is directly accessible

from the external medium.
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Fig. 2: Synthetic scheme and structure of octakis(6-deoxy-6-amino)-γ-cyclodextrin from the

external medium.

The binding would occur by exploiting charge-charge and hydrogen bonding interactions and

would be facilitated by the matching rotational symmetry and equivalent outer diameter (~17

Å) of the inhibitor with the internal diameter of the Wza pore (Fig 3). In order to gain detailed

information about the binding site of the 6-Am8-γCD, the team studied its interactions with

several mutants of the Wza pores. By supporting the results with computational docking

simulations, they could identify the amino acids involved in the blocker binding. Furthermore,

the researchers demonstrated that 6-Am8-γCD blocks Wza under simulated physiological

conditions and that the inhibition causes defects by thinning the capsular polysaccharide layer

in concentration dependent manner, allowing the bacteria to be recognized and killed by the

complement of the human immune system. Specificity for the microbial target was

demonstrated by the weak toxicity of the 6-Am8-γCD towards a human cell line.

Fig. 3: Schematic representation of the interaction of Am8-γCD with Wza pore

(cross- section view, drawn after Kong et al. [8])
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These studies represent the first examples of inhibitors against an important new class of

antimicrobial drug target. Future plans of the Oxford team are evaluating the efficacy and the

safety of their glycomimetics in animals and, if positive results will be achieved, moving the

potential drugs into human trials.
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