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Recent public announcements stated that 60% to 85% of all 
microbial infections involve biofilms developed on natural intact or 
damaged tissues (skin, mucosa, endothelial epithelia and teeth)  
 
 
 
 
 
 
 

 
or artificial devices: (central venous catheters, peritoneal, urinary 
catheters, dental materials, cardiac valves, intrauterine 
contraceptive devices, contact lenses and other implants)  
 



The insertion of the prosthetic medical devices for different 
exploratory or therapeutically purposes especially in severe 
pathological conditions represents a risk factor for the occurrence 
of chronic infections in developed countries.  
 
 
 
 
 
 
 
 
 
 
 
 
being characterized by slow onset, middle intensity symptoms, 
chronic evolution and resistance to antibiotic treatment  
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Aromatic  Acids	 %	 Phenolic  Acid  Esters	 %	 Flavonoids	 %	 Diterpenes	 %	
Sugars  and  
Sugar  

Derivatives	
%	 Fa:y  Acids	 %	   

Benzoic  acid	 0.4	 Pentenyl  p-‐‑coumarate	 0.7	 Pinostrobin  chalcone	 2.7	 Ferruginol	 1.2	 Monosaccharides	 0.4	 Hexadecanoic  
acid	 -‐‑	   

Hidroxybenzoic  acid	 0.1	 Isopentenyl  caffeate	 1.8	 Pinocembrin  chalcone	 5.9	 Communic  acid	 2.7	 Disaccharides	 -‐‑	 Octadecanoic  
acid	 1.0	   

Cinnamic  acid	 0.3	 Pentenyl  caffeate	 0.9	 Pinocembrin	 7.4	 Totarol	 1.1	 Glycerol	 0.1	 Octadecenoic  
acid	 0.5	   

p-‐‑Coumaric  acid	 0.3	 Dimethylallyl  caffeate	 1.2	 Pinobanksin	 3.6	 Imbricataloic  acid	 3.2	 Inositol	 Tr	 Tetracosanoic  
acid	 -‐‑	   

Dimethoxycinnamic  
acid	 0.6	 Pentenyl  ferulate	 0.9	 Pinobanksin  3-‐‑O-‐‑acetate	 3.4	 13-‐‑epi-‐‑Cupressic  acid	 2.2	 Total	 0.5	 Total	 1.5	   

Ferulic  acid	 0.4	 Benzyl  ferulate	 1.7	 Galangin	 5.3	 Ferruginolon	 1.2	   

Isoferulic  acid	 0.4	 Benzyl  p-‐‑-‐‑coumarate	 1.3	 Chrysin	 3.6	 Dehydroabietic  acid	 Tr	   

Caffeic  acid	 0.8	 Benzyl  caffeate	 4.7	 Total	 31.9	 Isocupressic  acid	 8.1	   

Total	 3.3	 Caffeic  acid  phenetyl  ester	 1.7	 Junicedric  acid	 1.8	   

Cinnamyl  ferulate	 0.4	 Total	 21.5	   

Cinnamyl  caffeate	 1.2	   

Total	 16.5	   

Standard  deviation  does  not  succeed  6%  for  any  of  the  constituents	

Table 1. Chemical composition of hydro-alcoholic extract of Moroccan propolis. 



Phenolic acid esters % Flavonoids % Diterpenes % 

Pentenyl p-coumarate 0.7 Pinostrobin chalcone 2.7 Ferruginol 1.2 

Isopentenyl caffeate 1.8 Pinocembrin chalcone 5.9 Communic acid 2.7 

Pentenyl caffeate 0.9 Pinocembrin 7.4 Totarol 1.1 

Dimethylallyl caffeate 1.2 Pinobanksin 3.6 Imbricataloic acid 3.2 

Pentenyl ferulate 0.9 Pinobanksin 3-O-acetate 3.4 13-epi-Cupressic acid 2.2 

Benzyl ferulate 1.7 Galangin 5.3 Ferruginolon 1.2 

Benzyl p--coumarate 1.3 Chrysin 3.6 Dehydroabietic acid Tr 

Benzyl caffeate 4.7 Total 31.9 Isocupressic acid 8.1 

Caffeic acid phenetyl ester 1.7 Junicedric acid 1.8 

Cinnamyl ferulate 0.4 Total 21.5 

Cinnamyl caffeate 1.2 

Total 16.5 

Chemical composition of the propolis 
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Figure . Percentage of adherence of microorganisms on catheter after contact with 
functionalized MNPs obtained by different methods: (A) Method #1; (B) Method #2; 
and (C) Method $3. OA—oleic acid, PE—propolis extract, Data represent the mean 
± S.D from two separated experiments, * p < 0.05; ** p < 0.01; *** p < 0.001 (n = 
6), statistically significant when compared with catheter not submitted to any 
treatment. Square brackets indicate the use of One Way ANOVA for each group. ● p 
< 0.05 (n = 6). 
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The antibacterial properties of propolis have 
been correlated with the presence of: 
flavonoids, phenolic compounds and aromatic 
acids in general ... 

  

However, mechanisms of action are not yet elucidated  
	  



The antibacterial properties of propolis:  
Two strategies 

Bactericidal and / or bacteriostatic 

Compounds that affect bacterial virulence:  anti-quorum sensing 

Compounds that affect the bacterial lifestyle: anti-biofilm  

1.  By affecting bacterial growth : 

2.	  Not affecting bacterial growth : 



Virulence   Stress response 
Biofilm dynamics  Protein folding 
Plasmid transfer  EPS synthase 
Motility 

Low cell density  
No QS-dependent gene expression 

AHL	  

R

High cell density  
QS-dependent gene expression 

Target	  genes	  

I	  

Bacterial responses to QS signals 

Vibrio	  fischeri	  

C.	  violaceum	  

Rhizobium	  sp.	  

Bacteria can communicate with members of their own species and 
others to coordinate their behavior in response to cell density. 



Virulence 	   	  Stress	  response	  
Biofilm	  dynamics 	  Protein	  folding	  
Plasmid	  transfer 	  EPS	  synthase	  
MoJlity	  

Low	  cell	  density	  	  
No	  QS-‐dependent	  gene	  expression	  

AHL	  

R

High	  cell	  density	  	  
QS-‐dependent	  gene	  expression	  

Target	  genes	  

I	  

Bacterial	  responses	  to	  QS	  signals	  

Vibrio	  fischeri	  

C.	  violaceum	  

Rhizobium	  sp.	  

Bacteria can communicate with members of their own species and 
others to coordinate their behavior in response to cell density. 

X	  



Bacterial response to host mimics 

There is some evidence that propolis may be able to make equivalent (but 
chemically different) signals that can be detected by the bacterial 
communication systems and in some cases can interfere with the 
bacterial conversations and even inhibit virulence gene expression. 

AHL	  mimics,	  	  
QS	  gene	  expression	  inhibitors	  
…	  

Target	  genes	  

Propolis	  
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a  b  s t  r a  c t

Ethnopharmacological  Relevance: An alternative  approach  to  antibiotics  is the development  of anti-
pathogenic  agents to  control the  bacterial  virulome.  Such anti-pathogenic agents could  target  a
phenomena  known  as  quorum sensing  (QS).
Materials  and methods:  Six bacterial  N-acyl-homoserine  lactone  (AHL)-dependent  bioreporter  strains
were  used to evaluate  if  bee  hive  glue also known  as propolis  contains constituents capable of inhibiting
QS-controlled  AHL  signaling.  In  addition, the  effect of propolis  on the  QS-dependent  swarming  motility
was evaluated  with  the  opportunisitic pathogen,  Pseudomonas  aeruginosa.
Results:  Differences  in the  propolis tincture  samples  were  identified by  physiochemical profiles  and
absorption  spectra. Propolis  tinctures  at 0.0005% (v/v)  that do not  affect  bacteria  biosensor  growth  or
the  reporter  system  monitored  were  exposed  to  biosensors  with  and  without  the  addition  an  AHL. No
AHL  signal mimics were  found  to be  present  in the  propolis  tinctures.  However,  when propolis and
an  inducer AHL  signal were  together  exposed  to five Escherichia  coli  and  a Chromobacterium  violaceum
biosensor,  propolis disrupted the  QS  bacterial  signaling  system in liquid-  and  agar-based  bioassays  and
in C18 reverse-phase  thin-layer  plate  assays.  Swarming  motility  in the  opportunistic  pathogen,  Pseu-
domonas  aeruginosa PAO1  and  its AHL-dependent LasR- and RhlR-based QS behaviors  were  also inhibited
by  propolis.
Conclusions:  Together,  we present  evidence that  propolis contain  compounds  that suppress  QS  responses.
In  this  regard,  anti-pathogenic  compounds  from bee  harvested  propolis  could  be  identified and isolated
and  thus  will be  valuable for the  further  development of therapeutics to disrupt  QS  signaling  systems
which  regulate  the  virulome in many  pathogenic  bacteria.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The word propolis, used in  Ancient Greece as: pro for infront of
or at entrance to and polis for city or community. It  is  a chemically
complex substance collected by  honeybees (Apis mellifera) from
cracks in  bark and leaf buds of regional macroflora (Ghisalberti,
1979; Burdock, 1998). Propolis is  a plant resinous substance masti-
cated with bee salivary enzymes and mixed with beeswax. Bees use
propolis for coating the hive to increase strength, i.e. it is also called
bee-glue; in  blocking holes and cracks in the hive and to adversely
affect hive-invading microbes and insects. The chemical constitu-
tents in propolis are related to  bud and wound exudates collected
and modified by bees from various flora (Burdock, 1998).

∗ Corresponding author at: Molecular Bioscience and Biotechnology Program,
School of Life Sciences, Rochester Institute of Technology, 85 Lomb Memorial Dr.,
A350 Gosnell bldg., Rochester, NY 14623, USA. Tel.: +1 585 475 5141;
fax:  +1 585 475 5760.

E-mail address: massbi@rit.edu (M.A. Savka).

The propolis origin reflects the tree populations in any one
region: popular (Populus spp.), alder (Alnus glutinosa), horse chest-
nut (Aesculus hippocastanum), birch (Betula alba), beech (Fagus
sylvatica), and various conifer species (Bankova et al., 2000;
Bankova, 2005). In  Brazil, propolis samples have been classified into
13 types based on physiochemical characterization with certain
propolis types containing profiles similar to  the resinous secretions
from certain regional flora (Silici and Kutluca, 2005; Daugsch et al.,
2007). In  general, bee glue is  composed of resin and balsam (50%),
wax (30%), essential and aromatic oils (10%), pollen (5%) and other
substances such as organic material (Burdock, 1998). More than
200 compounds have been identified in  different propolis samples
(Casaldo and Capasso, 2002; Silici and Kutluca, 2005; Viuda-Martos
et al., 2008). Flavonoids, aromatic acids, diterpenic acids and phe-
nolic compounds are  thought to be the principle constitutents
responsible for the bioactivity of propolis (Viuda-Martos et al.,
2008). Propolis has been used in traditional medicine due to its
biological properties such as: antibacterial, anticavity, antitumor,
antioxidant, antiviral, antiinflammatory, and immunomodulatory
effects, among other beneficial attributes (Viuda-Martos et al.,
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a  b  s t  r a  c t

Ethnopharmacological  Relevance: An alternative  approach  to  antibiotics  is the development  of anti-
pathogenic  agents to  control the  bacterial  virulome.  Such anti-pathogenic agents could  target  a
phenomena  known  as  quorum sensing  (QS).
Materials  and methods:  Six bacterial  N-acyl-homoserine  lactone  (AHL)-dependent  bioreporter  strains
were  used to evaluate  if  bee  hive  glue also known  as propolis  contains constituents capable of inhibiting
QS-controlled  AHL  signaling.  In  addition, the  effect of propolis  on the  QS-dependent  swarming  motility
was evaluated  with  the  opportunisitic pathogen,  Pseudomonas  aeruginosa.
Results:  Differences  in the  propolis tincture  samples were  identified by  physiochemical profiles  and
absorption  spectra. Propolis  tinctures  at 0.0005% (v/v)  that do not  affect  bacteria  biosensor  growth  or
the  reporter  system  monitored  were  exposed  to  biosensors  with  and  without  the  addition  an  AHL. No
AHL  signal mimics were  found  to be  present  in the  propolis  tinctures.  However,  when propolis and
an  inducer AHL  signal were  together  exposed  to five Escherichia  coli  and  a Chromobacterium  violaceum
biosensor,  propolis disrupted the  QS  bacterial  signaling  system  in liquid-  and  agar-based  bioassays  and
in C18 reverse-phase  thin-layer  plate  assays.  Swarming  motility  in the  opportunistic  pathogen,  Pseu-
domonas  aeruginosa PAO1  and  its AHL-dependent LasR- and RhlR-based QS behaviors  were  also inhibited
by  propolis.
Conclusions:  Together,  we present  evidence that  propolis contain  compounds  that suppress  QS  responses.
In  this  regard,  anti-pathogenic  compounds  from bee  harvested  propolis  could  be  identified and isolated
and  thus  will be  valuable for the  further  development of therapeutics to disrupt  QS  signaling  systems
which  regulate  the  virulome in many  pathogenic  bacteria.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The word propolis, used in  Ancient Greece as: pro for infront of
or at entrance to and polis for city or community. It  is  a chemically
complex substance collected by  honeybees (Apis mellifera) from
cracks in  bark and leaf buds of regional macroflora (Ghisalberti,
1979; Burdock, 1998). Propolis is  a plant resinous substance masti-
cated with bee salivary enzymes and mixed with beeswax. Bees use
propolis for coating the hive to increase strength, i.e. it is also called
bee-glue; in  blocking holes and cracks in the hive and to adversely
affect hive-invading microbes and insects. The chemical constitu-
tents in propolis are related to  bud and wound exudates collected
and modified by bees from various flora (Burdock, 1998).
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The propolis origin reflects the tree populations in any one
region: popular (Populus spp.), alder (Alnus glutinosa), horse chest-
nut (Aesculus hippocastanum), birch (Betula alba), beech (Fagus
sylvatica), and various conifer species (Bankova et al., 2000;
Bankova, 2005). In  Brazil, propolis samples have been classified into
13 types based on physiochemical characterization with certain
propolis types containing profiles similar to  the resinous secretions
from certain regional flora (Silici and Kutluca, 2005; Daugsch et al.,
2007). In  general, bee glue is  composed of resin and balsam (50%),
wax (30%), essential and aromatic oils (10%), pollen (5%) and other
substances such as organic material (Burdock, 1998). More than
200 compounds have been identified in  different propolis samples
(Casaldo and Capasso, 2002; Silici and Kutluca, 2005; Viuda-Martos
et al., 2008). Flavonoids, aromatic acids, diterpenic acids and phe-
nolic compounds are  thought to be the principle constitutents
responsible for the bioactivity of propolis (Viuda-Martos et al.,
2008). Propolis has been used in traditional medicine due to its
biological properties such as: antibacterial, anticavity, antitumor,
antioxidant, antiviral, antiinflammatory, and immunomodulatory
effects, among other beneficial attributes (Viuda-Martos et al.,
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Figure 1: Biofilm lifestyle cycle of P. aeruginosa  grown in glucose minimal media. In stage I, planktonic bacteria initiate 
attachment to an abiotic surface, which becomes irreversible in stage II. Stage III corresponds to microcolony 
formation. Stage IV corresponds to biofilm maturation and growth of the three-dimensional community. Dispersion 
occurs in stage V and planktonic bacteria that are released from the biofilm to colonize other sites. The biofilm formation 
by P. aeruginosa PAO1 was revealed with Syto9 and visualized in Leica DM IRE2 inverted fluorescence microscope with 
400x magnification at 2 h (Stage I), 8 h (Stage II), 14 h (Stage III), 1 to 4 days (Stage IV), and 5 days(Stage V). Images 
represent a 250×250-!mfield. mfield. 



Quorum sensing and biofilm regulation  
       in Pseudomonas aeruginosa 
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P7 have no effect on growth and on gene transcription in P. aeruginosa 



P7 have no effect on lasI/R system in P. aeruginosa 



P7 affects rhlI/R system in P. aeruginosa 



P7 reduces biofilm production in P. aeruginosa 

Biofilm	  (2	  x	  24	  h)	  	   Biofilm	  (24	  h)	  
treated	  with	  P7	  for	  24	  h	  	  

Affects	  biofilm	  lifecycle/maturaJon	  	  



+Tobramycin	  (100	  µg/ml)	  

Two-‐day	  old	  culture	  

+Tobramycin	  (100	  µg/ml)	  

One-‐day	  old	  culture	  	  	  
+	  P7	  	  at	  culture	   iniJaJon 

One-‐day	  old	  culture	  
+DMSO	  at	  culture	  iniJaJon	   

Two-‐day	  old	  culture	  

(a)	   (b)	  

P7 improves tobramycine penetration  
in Pseudomonas aeruginosa biofilm 



Figure 4. Anti-QS properties of propolis and catechine. (A): ethanol 70%; (B): propolis at 0.24 mg/ml; (C): propolis at 
0.36 mg/ml; (D): propolis at 0.49 mg/ml; (E): propolis at 0.61mg/ml; (F): propolis at 0.73 mg/ml; (G): propolis at 0.98 
mg/ml; (H): propolis at 1.22 mg/ml. (B’): (+)-catechin at 0.24 mg/ml; (C’): (+)-catechin at 0.36 mg/ml; (D’): (+)-catechin 
at 0.49 mg/ml; (E’): (+)-catechin at 0.61mg/ml; (F’): (+)-catechin at 0.73 mg/ml; (G’): (+)-catechin at 0.98 mg/ml; (H’): 
( + ) - c a t e c h i n a t  1 . 2 2  m g / m l .  

The anti-QS activity of propolis extract against bacterial QS was determined using violacein production by 
Chromobacterium violaceum. Loss of purple pigment in C. violaceum indicates the inhibition of QS by the 
propolis extract. Control wells containing catechin and ethanol were included. The seven of propolis showed 
halo zone on the purple background. Therefore the highest inhibition zone was observed for the concentration 
(H in the picture). No inhibition was apparent with ethanol . (b) showed no growth inhibition zone at all tested 
concentration of propolis, this is demonstrate that propolis extract has not affect the growth of C. violaceum 
C V 0 2 6 . 



v    In this study, we analyzed several propolis samples from 
different geographic regions of  Morocco for QSI activity that 
disrupts QS AHL bacterial communication mechanism, correlated 
the QSI activity of propolis with its chemical composition, and 
identified the flavonoid pinocembrin as a potential propolis active 
principle that disrupts AHL-dependent QS in bacteria.  
 
v  There are indications that additional flavonoids are important 
propolis constituents in this respect. It is obvious that propolis 
from Morocco deserves further studies as a promising source of 
compounds and compound mixtures in the search for new 
approaches for antipathogenic treatments of bacterial pathogens 
based on natural products. 



The Flavanone naringenin reduced the production 
of virulence factors controlled by the QS 

mechanism in Pseudomonas aeruginosa PAO1 



Propolis:	  Is	  there	  a	  potential	  for	  the	  development	  
of	  new	  and	  ef5icient	  antimicrobial	  agents	  ?	  
	  
Ø 	  Propolis	  plays	  a	  key	  role	  in	  the	  prevention	  and	  control	  of	  
bacterial	  invasions	  
	  
Ø 	  Propolis	  has	  an	  inhibitory	  effect	  on	  the	  expression	  of	  virulence	  
genes	  of	  some	  pathogenic	  bacteria	  without	  affecting	  bacterial	  
growth	  	  
	  
v 	  Propolis	  also	  affect	  the	  production	  of	  bio:ilm	  	  
This	  alteration	  of	  the	  bio:ilm	  architecture	  allowed	  a	  better	  penetration	  of	  
tobramycin	  into	  the	  bio:ilm	  and	  increases	  the	  accessibility	  of	  the	  antibiotic	  to	  
encapsulated	  bacteria	  in	  the	  extracellular	  matrix	  	  
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