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Potential of Cyclodextrins in Quorum
Sensing

Many bacteria regulate their cooperative activities through releasing, sensing and responding

to small signaling molecules. This mechanism called quorum sensing (QS) makes possible for a

population of bacteria to behave as a multi-cellular organism in host colonization, formation of

biofilms,  defense against  competitors  and adaptation  to  changing  environment  (Davie  and

O’Toole 2000; Waters and Bassler 2001). In infectious diseases the invading bacteria need to

reach a critical cell density before they express virulence. Biofilm infections including infections

of bone, airway/lung tissue, cardiac tissues, middle ear, gastrointestinal tract, eye, urogenital

tract, prosthetic devices, indwelling catheters, implants and dental diseases often resist to the

highest  dose  of  antibiotics,  because  the  bacteria  present  in  biofilms  have  characteristics

different from those of the free-living counterparts, including increased resistance to antibiotics

(Li and Tian 2012). 

QS  is  one  of  the  cell-cell  communication  mechanisms  on  cell  population  density.  Gram-

negative  bacteria  produce  several  kinds  of  N-acyl-L-homoserine  lactones  (AHLs)  as  signal

compounds, while Gram-positive bacteria produce signal peptides called autoinducing peptides

(AIPs). There is a third mechanism applying autoinducers (AI-2, a furasonyl borate diester)

both by Gram-negative and Gram-positive bacteria. Any compound that prevents production of

signal molecules or interactions between signal molecules and related receptor proteins might

block bacterial quorum sensing and its gene expression. So, quorum sensing is a new target

for the development of antiobiotic agents.

Quorum sensing was discovered in the early 1970s studying the bioluminescence of Gram-

negative  bacterium  Vibrio  fischeri  (Figure 1).  Once the bacterial  population  has reached a

specific size, only then does light production commence. It turned out that this bacterium has

a sensing system to monitor its population density. This was the start of sociomicrobiology. In

Vibrio fischeri AHL binds to the protein product of the LuxR gene and activates it. The activated

LuxR activates several other genes playing role in the synthesis of AHL. Thus, AHL acts as an

autoinducer. Other genes responsible for a protein known as a luciferase and further proteins

involved in the synthesis of the luciferase's substrate, tetradecanal are also affected.

Figure 1. Microscopic photo on Vibrio fisheri, Pseudomonas aeruginosa, Serratia marcensens,

Chromobacterium violaceum
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The mechanism seems to be general regulating not only bioluminescence but also virulence of

pathogenic  bacteria,  biofilm  development,  both  key  factors  in  determining  the  success  of

infection.

Each Gram-negative bacteria species produces a unique AHL or a unique combination of AHL

and, as a result, only the members of the same species recognize and respond to their own

signal molecule. AHLs produced by different bacteria differ in the length of the R-group side-

chain. Chain lengths vary from 4 to 18 carbon atoms and in the substitution of a carbonyl at

the third carbon (Figure 2) (Ikeda et al. 2003). AHLs freely diffuse across the cell membrane

and  increase  in  concentration  in  proportion  to  cell  density.  A  related  LuxR-like  protein  is

responsible for recognition of the AHL and when bound to the AHL, LuxR-like protein binds to

specific  promoter DNA elements and activates  transcription  of  target  genes (Parsek et  al.

1999).

Figure 2. Structure of N-acyl-L-homoserine lactones

Most of signaling peptides produced by Gram-positive bacteria typically consist of 5–25 amino

acids and some contain unusual side chains (Claverys et al. 2006). For instance, Streptococcus

mutans (persistent in dental plaque) produces a 21-amino acid signal peptide (CSP). When

CSP reaches  the  critical  concentration  it  activates  target  genes  encoding  bacteriocins  and

bacteriocin self-immunity proteins to kill other species in the biofilm. Recently, a new quorum

sensing system with a double-tryptophan peptide pheromone as signal molecule has been also

identified in S. mutans (Mashburn-Warren et al. 2010). 

Complexation  of  signal  molecules  (AHLs  or  peptides)  by  CDs  opens  the  way  for  the

development  of  CD-based  signal  traps  –  a  still  unexplored  strategy  for  fighting  against

bacterial infections via suppressing quorum sense, the communication between bacterial cells.

This concept does not aim to kill  the bacteria but to decrease their virulence (Hirakawa and

Tomita 2013).

ACD and BCD form inclusion complex with C4 (R = propyl) encapsulating the acyl side chain

(Figure 3) (Ikeda et al. 2003). The association constants calculated from NMR data are 18.8

and 23.8 M-1, respectively. Similarly, the acyl chain of (S)-N-(3-oxo-octanoyl)-HSL is included

in the cavity of BCD and hydrogen bonding between the 3-keto moiety and the C-6 OH of BCD

was found by NMR (Cabeca et al. 2011). The association constant of both C6-HSL and 3-oxo-

C6-HSL was about 700 M-1 (Okano et al. 2012). As the hydrophobic acyl chain is the most

important interacting site for the signal molecule and the cell membrane, the inclusion of the

acyl chain into the cavity will hinder the interaction with the cell membrane.
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Figure 3. Scheme of CD complex with C4-HSL (R=propyl) (a) and C8-OHSL (R=octanoyl) (b)

N-acyl-L-homoserine

Adding  various  CDs  to  the  culture  medium,  the  free AHLs  concentration  is  decreased  by

complexation and with this the autoinducing activity in  Pseudomonas aeruginosa (Figure 1)

culture  is  also  reduced.  ACD,  BCD  and  its  methylated  derivatives  decrease  autoinducing

activities due to complex formation with AHLs. The cavity of GCD seems to be too large for

complex formation.

Table 1. β-galactosidase activity as autoinducing activity (expressed in percentage relative to 

the control) (Ikeda et al. 2003)

Control ACD BCD Dimeb Trimeb GCD Glucose
100 21 26 31 29 98 99

Another  method  for  characterizing  quorum  sensing  is  the  measurement  of  intracellular

pigments,  such  as  pyocyanin  (blue)  and  prodigiosin  (red)  (Figure  4)  in  cultures  of  P.

aeruginosa and Serratia marcensens (Figure 1), respectively (Kato et al. 2005 and 2007). The

expression of these pigments is controlled by AHL-mediated QS. HPBCD in solution inhibits

prodigiosin production of  S. marcensens in a concentration-dependent manner (Okata et al.

2012).  Applying  poly(acrylic  acid)  gel  sheets together with  HPBCD the relative  prodigiosin

concentration decreased to 10% of the control since both the gel and HPBCD bound AHLs and

this  way  inhibited  QS.  HPBCD  immobilized  in  the  gel  behaves  as  a  trap  of  cell-to-cell

communication  signal  (Kato  et  al.  2005a).  BCD  immobilized  on  microspheres  with

poly(methacrylic acid) shell  layer on polystyrene cores captured AHL of  S. marcensens  and

reduced QS suppressing prodigiosin production to 30%. The expression of QS-dependent genes

was also inhibited (Okano et al. 2016).

Applying  HPBCD  with  carboxymethylcellulose  gels  in  S.  marcensens culture,  the  relative

prodigiosin production decreased to 56% of the control (with cellulose gel and with 10 mM

HPBCD only 95% and 86%) (Kato et al. 2006). This result suggested that the ionic interaction

between acceptor molecules and the AHLs could stabilize the inclusion complex and then block

the sequential  QS-regulated process. The cellulose ether hydrogel with HPBCD reduced the

expression  of  the  QS-controlled  genes,  the  production  of  pyocyanin  and  galactosidase  via

complexing  AHLs  (Kato  et  al.  2007).  Even better  results  were obtained with  cellulose gel

sheets  containing  ACD and  prepared  by  temperature  induced  phase  separation:  the  AHL-

mediated prodigiosin production decreased to 10% of the control (Kato et al. 2009).
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Figure 4. Chemical structure of prodigiosin, pyocyanin and violacein, secondary metabolites of

Serratia marcensens, Pseudomonas aeruginosa and Chromobacterium violaceum, respectively

(All of them are good candidates for complex formation with cyclodextrins. For instance, CD

stimulated the fermentation of prodigiosin by S. marcensens (Bar and Rokem 1990); the

antitumor and antiulcer effects of violacein/BCD complex were studied by De Azevedo et al.

2000 and 2003)

The marine photosynthetic bacterium Rhodovulum sulfidophilum produces extracellular nucleic

acids involved in its flocculation. ACD as an inhibitor of QS inhibited the floc formation and

increased the extracellular DNA production (Suzuki et al. 2009).

The alkylamino-BCD derivatives form complexes of high stability with AHLs. The association

constants  increase  with  increasing  chain  length  of  the  alkylamino  moiety  >C7  (Table  2)

(Morohoshi et al. 2013).

Table 2. Association  constants  between  N-hexanoyl-L-homoserine  lactone,  C6-HSL  

(R=hexanoyl)  and  alkylamino-BCD  derivatives  (determined  by  phenolphthalein  

competition)  and  their  inhibition  of  autoinducer  effects  on  Serratia  marcensens 

(Morohoshi et al. 2013)

Association constant (M-1) Relative prodigiosin

production (%)
BCD 390 ± 5 49 ± 8
6-Butylamino-BCD 92± 32 81 ± 8
6-Pentylamino-BCD 121 ± 11 74 ± 1
6-Hexylamino-BCD 172 ± 9 60 ±2
6-Heptylamino-BCD 520 ± 120 18 ± 2
6-Octylamino-BCD 730 ± 94 16 ± 2
6-Dodecylamino-BCD 2900 ± 640 1 ± 1
6,6’-Dioctylamino-BCD 2670 ± 370 3 ± 2

The  improved  inhibitory  effect  of  alkylamino-CDs  (at  10  mg/mL  concentration)  was

demonstrated on other bacteria as well. The 6-alkylamino BCD derivatives effectively inhibited

AHL-mediated  QS  in  Chromobacterium  violaceum (Figure  1)  and  P.  aeruginosa (PAO1)

(Morohoshi  et  al.  2013).  C.  violaceum  produces  violacein  (Figure  4)  in  response  to  the

presence of C6-HSL. Native BCD inhibited the violacein production by about 40%, while the
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6-dodecylamino-BCD caused 99% inhibition.  P. aeruginosa  produces N-(3-oxododecanoyl)-L-

homoserine lactone (C12-HSL) and regulates the production of elastase enzyme as a virulence-

enhancing  factor.  Native  BCD  did  not  show  inhibitory  activity  on  elastase  production,

6-dodecylamino-BCD and  6,6’-dioctylamino-BCD caused  about  70% and  90% inhibition  of

elastase activity (Morohoshi et al. 2013).

Based on NMR studies it was concluded that both the hydrophobic chain of AHLs and the alkyl

chain on the BCD are simultaneously included into the CD cavity.

Understanding bacterial social behaviors and their molecular mechanisms in the development

of biofilms will  greatly facilitate the development of novel strategies in  the prevention and

treatment of biofilm infections. As inclusion complex formation of AHL with CDs keeps the

concentration of AHL below the activation threshold new CD-based weapons to control bacterial

growth might be developed. 
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Prado, L. D.; Corrêa, D. S.; Tasso, L.; Silva, M. A. S.; Rocha, H. V.

Efavirenz  dissolution  enhancement  III:  Colloid  milling,  pharmacokinetics  and
electronic tongue evaluation 
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Cancer,  Iron  oxide  magnetic  nanoparticles,  β-Cyclodextrin,  2-Hydroxypropyl-β-
cyclodextrin, Stable colloidal dispersion, Cytotoxicity 

Carbohydrate Polymers, 2017, 163, 1-9; DOI:10.1016/j.carbpol.2016.11.091

Morgado, P. I.; Miguel, S. P.; Correia, I. J.; Aguiar-Ricardo, A.
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dexamethasone for prevention of postoperative nausea and vomiting 

Interaction between sugammadex and dexamethasone 

Egyptian Journal of Anaesthesia, 2017, 33, 1-4; DOI:10.1016/j.egja.2016.11.005

Shaikh, V. R.; Hundiwale, D.; Patil, K. J.

A  volumetric  approach:  Interactions  of  some  local  anesthetical  drugs  with
α-cyclodextrin in aqueous solutions at 298.15 K 

Density  measurements,  Apparent  molar  volumes,  Infinite  dilution  volume  values,
Equilibrium constant, Encapsulation and host-guest interactions, Procaine hydrochloride,
Lidocaine hydrochloride monohydrate, Tetracaine hydrochloride 

The Journal of Chemical Thermodynamics, 2017, 107, 51-57; DOI:10.1016/j.jct.2016.12.023

Shityakov, S.; Salmas, R. E.; Durdagi, S.; Roewer, N.; Förster, C.; Broscheit, J.

Solubility  profiles,  hydration  and  desolvation  of  curcumin  complexed  with
γ-cyclodextrin and hydroxypropyl-γ-cyclodextrin 
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Chemical Physics Letters, 2017, 671, 28-36; DOI:10.1016/j.cplett.2017.01.010

Thiry, J.; Kok, M. G.; Collard, L.; Frère, A.; Krier, F.; Fillet, M.; Evrard, B.

Bioavailability enhancement of itraconazole-based solid dispersions produced by hot
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Liu, W.; Wu, Z.; Wang, Y.; Zheng, H.; Yin, H.

Modified β-CD-Cu ion complex and yam mucilage assisted batch foam fractionation
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Chemical Engineering Journal, 2017, 314, 202-211; DOI:10.1016/j.cej.2016.12.120
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Modification  of  the  photocatalytic  performance  of  various  metal  oxides  by  the
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Taka, A. L.; Pillay, K.; Mbianda, X. Y.

Nanosponge cyclodextrin polyurethanes and their modification with nanomaterials
for the removal of pollutants from waste water: A review 
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Carbohydrate Polymers, 2017, 159, 94-107; DOI:10.1016/j.carbpol.2016.12.027

Triki, M.; Tanazefti, H.; Kochkar, H.

Design  of  β-cyclodextrin  modified  TiO2 nanotubes  for  the  adsorption  of  Cu(II):
Isotherms and kinetics study 

Cu(II)-ammonia complexes, Langmuir isotherm 

Journal of Colloid and Interface Science, 2017, 493, 77-84; DOI:10.1016/j.jcis.2017.01.028

Wang, N.; NuLi, Y.; Su, S.; Yang, J.; Wang, J.

Effects of binders on the electrochemical performance of rechargeable magnesium
batteries 

Anodic  stability,  Polyvinylidene  fluoride,  Water-soluble  poly(acrylic  acid),  Poly(vinyl
alcohol), Gelatin, Sodium alginate, β-CD 

Journal of Power Sources, 2017, 341, 219-229; DOI:10.1016/j.jpowsour.2016.12.003

Yang, Z.; Zhang, X.; Fang, Y.; Rui, Z.; Ji, H.

Efficient  oxidation  of  cinnamon  oil  to  natural  benzaldehyde  over  β-cyclodextrin-
functionalized MWCNTs 
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Chinese Journal of Catalysis, 2016, 37, 2086-2097; DOI:10.1016/S1872-2067(16)62543-3
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7. CDs in Sensing and Analysis

Carabajal, M. D.; Arancibia, J. A.; Escandar, G. M.

Excitation-emission  fluorescence-kinetic  data  obtained  by  Fenton  degradation.
Determination of heavy-polycyclic aromatic hydrocarbons by four-way parallel factor
analysis 

Third-order  advantage,  Fenton  reaction,  Benzo[a]pyrene,  Dibenz[a,h]anthracene,
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Talanta, 2017, 165, 52-63; DOI:10.1016/j.talanta.2016.12.030

DUAN, J.; ZHUO, S.; YAO, F.-J.; ZHANG, Y.-N.; KANG, X.-F.

A single-molecule mycobacterium smegmatis porin A protein nanopore sensor for
host-guest chemistry 
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Chinese  Journal  of  Analytical  Chemistry,  2016,  44,  1801-1807;  DOI:10.1016/S1872-
2040(16)60976-3

Han, J.; Li, Y.; Feng, J.; Li, M.; Wang, P.; Chen, Z.; Dong, Y.

A novel  sandwich-type  immunosensor  for  detection  of  carcino-embryonic  antigen
using silver hybrid multiwalled carbon nanotubes/manganese dioxide 
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Journal  of  Electroanalytical  Chemistry,  2017,  786,  112-119;
DOI:10.1016/j.jelechem.2017.01.021

He, L.; Xu, Z.; Hirokawa, T.; Shen, L.

Simultaneous determination of aliphatic, aromatic and heterocyclic biogenic amines
without derivatization by capillary electrophoresis and application in beer analysis 

UV absorbing probe, Imidazole, α-CD 

Journal of Chromatography A, 2017, 1482, 109-114; DOI:10.1016/j.chroma.2016.12.067

Hu, T.; Na, W.; Yan, X.; Su, X.

Sensitive fluorescence detection of  ATP based on host-guest  recognition between
near-infrared β-Cyclodextrin-CuInS2 QDs and aptamer 

Fluorescent aptamer-based sensor 

Talanta, 2017, 165, 194-200; DOI:10.1016/j.talanta.2016.09.064

Mahpishanian, S.; Sereshti, H.

One-step  green  synthesis  of  β-cyclodextrin/iron  oxide-reduced  graphene  oxide
nanocomposite  with  high  supramolecular  recognition  capability:  Application  for
vortex-assisted magnetic solid phase extraction of organochlorine pesticides residue
from honey samples 

Gas  chromatography,  High  water  dispersability,  Magnetic  responsivity,  Molecular
selectivity 
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Moldoveanu, S. C.; David, V.

Chapter 10 - Stationary phases and columns for chiral chromatography 

Cellulose chiral phases, Crown ether chiral phases, Protein chiral phases, Cyclodextrin
and cyclofructan chiral phases, Macrocyclic antibiotics, Pirkle phase 

Selection  of  the  HPLC  Method  in  Chemical  Analysis,  Moldoveanu,  S.  C.;  David,  V.  Eds.,
Elsevier, 2017, 363-376; DOI:10.1016/B978-0-12-803684-6.00010-X

Palanisamy, S.; Thangavelu, K.; Chen, S.-M.; Velusamy, V.; Chang, M.-H.; Chen, T.-W.; Al-
Hemaid, F. M.; Ali, M. A.; Ramaraj, S. K.

Synthesis  and  characterization  of  polypyrrole  decorated  graphene/β-cyclodextrin
composite for low level electrochemical detection of mercury (II) in water 

Screen printed carbon electrode, Health and environment, Differential pulse voltammetry 

Sensors and Actuators B: Chemical, 2017, 243, 888-894; DOI:10.1016/j.snb.2016.12.068

Peng, L.-Q.; Ye, L.-H.; Cao, J.; xu Chang, Y.; Li, Q.; An, M.; Tan, Z.; Xu, J.-J.

Cyclodextrin-based miniaturized solid phase extraction for biopesticides analysis in
water  and  vegetable  juices  samples  analyzed  by  ultra-high-performance  liquid
chromatography coupled with quadrupole time-of-flight mass spectrometry 

HP-β-CD 

Food Chemistry, 2017, 226, 141-148; DOI:10.1016/j.foodchem.2017.01.006

Qin, X.; Xu, A.; Liu, L.; Sui, Y.; Li, Y.; Tan, Y.; Chen, C.; Xie, Q.

Selective  staining  of  CdS  on  ZnO  biolabel  for  ultrasensitive  sandwich-type
amperometric  immunoassay  of  human  heart-type  fatty-acid-binding  protein  and
immunoglobulin G 

In  situ  microliter-droplet  anodic  stripping  voltammetry,  ZnO-multiwalled  carbon
nanotubes, β-Cyclodextrin-graphene sheets, Glassy carbon electrode, Immunoelectrode 

Biosensors and Bioelectronics, 2017, 91, 321-327; DOI:10.1016/j.bios.2016.12.051

Sun, J.; Bai, W.; Wang, Z.; Tang, B.

Host–guest supramolecular systems containing AIE-active building blocks 

Aggregation-induced emission, Fluorescence, Crown ether, Cyclodextrin, Pillar[n]arene,
Metal-organic  framework,  Restriction  of  intramolecular  rotations  and  vibrations,
Coordination, Self-assembling, Chemo-/biosensors 

Reference Module in Chemistry, Molecular Sciences and Chemical Engineering, Reedijk, J. Ed.,
Elsevier, 2016; DOI:10.1016/B978-0-12-409547-2.12631-9

Xu, W.; Zhu, X.; Chu, Z.; Wang, Z.; Xiao, Z.; Huang, Z.

ScroBiculate sub-10 nm nanocavity arrays as effective sers substrate for the trace
determination of 3,3′,4,4′-polychlorinated biphenyls 

Surface enhanced Raman scattering, Thiolated β-Cyclodextrin 

Applied Surface Science, 2017, 399, 711-715; DOI:10.1016/j.apsusc.2016.12.132
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Ye, L.; Huang, N.-L.; Du, Y.-X.; Schneider, M.; Du, W.-D.

Succinyl-β-cyclodextrin modified gold biochip improved seroimmunological detection
sensitivity for Lyme disease 

Protein biochip, VlsE protein, Anti-VlsE IgG antibody 
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