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Expression of virulence factors in many pathogens requires that quorum sensing autoinducer (QSA) 
reaches a certain threshold concentration; therefore, QSAs play central roles in the regulation of many 
disease processes. Quorum sensing inhibitors (QSIs) can competitively inhibit the quorum sensing 
signal system, which provides a novel target to combat pathogens for the development of new drugs. In 
this report, we used two biosensor strains, Agrobacterium tumefaciens NT1 for N-(3-oxododecanoyl)-L-
homoserine lactone (OdDHL) inhibitors and Chromobacterium violacerm CV026 for N-butanoyl-L-
homoserine lactone (BHL) inhibitors, to screen for the QSIs from bacteria. There were 12 putative 
positive strains screened from more than 500 isolates in the initial screening. A confirmatory bioassay 
was carried out after concentrating the putative positive culture supernatant. Finally, three out of the 
twelve strains showed that one strain produced OdDHL inhibitor while the other two strains were able 
to inhibit BHL. Phylogenetic analysis reviewed all of these three bacterial isolates, showing that the 
QSA inhibition belonged to the genus Pseudomonas. We also determined the composition of microbial 
assemblages of the soil samples using pyrosequence date of the 16S rDNA gene, and found that the 
phylum Proteobacteria, to which the QSI positive isolates belong, was the most abundant in the soil of 
beach (56.1%), and the second in the soil from land (18.9%). This percentage was in accord with the 
resource of final three positive strains, two from beach and one from land. It showed an appreciable 
percentage of bacteria producing QSI molecules would be isolated from the soil of land and beach. 
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INTRODUCTION 
 
Since Bassler et al. (1993) demonstrated the mechanism 
of bioluminescence in Vibrio species, quorum sensing 
(QS) (Fuqua et al., 1994) has been recognized as a 
widespread phenomenon in microorganisms. By QS 
system, bacteria control specific processes in response 
to population density via small diffusible signal molecules  
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namely quorum sensing autoinducers (QSAs) that allow 
intra species and inter species communication. The 
extracellular concentration of QSAs is related to the 
population density of the producers. Once a threshold 
concentration of QSA is reached, a particular response 
will be elicited and some specific genes will be 
expressed. The expression of virulence factors of some 
bacteria is regulated by QS, for example, elastase and 
pyocyanin in Pseudomonas aeruginosa (Reimmann et 
al., 2002) and haemolysin and cytotoxin in Staphylococcus 
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aureus (Novick, 2003).  

In Gram-negative bacteria, the most studied 
autoinducer signals are N-acyl homoserine lactones 
(AHLs), which differ with respect to the length of their side 
chains (C4 to C16) and with various degrees of 
substitution and saturation (Parsek et al., 1999). In Gram-
positive bacteria, QSA is mediated by γ-butyrolactones 
and post-translationally modified peptides (Brelles-Marino 
and Bedmar, 2001). 

Since QSAs have been established as the key feature 
in a number of pathogenic bacteria, there is growing 
interest in the ways to interrupt the QS system. Some 
QSA mimics and QSA degradative enzymes have been 
demonstrated to be able to quench QS-controlled 
behaviors (Dong et al., 2002; Gao et al., 2003; Huang et 
al., 2003). Some small molecule chemicals called quorum 
sensing inhibitors (QSIs) can selectively act on the 
receptors in cell surface of bacteria or directly penetrate 
the cell membrane to interact with the enzymes or 
proteins on various signal transduction cascades and 
eventually interfere with the pathogenicity (Liu et al., 
2010; Manefield et al., 2002; Raffa et al., 2005). These 
QSIs with non-antigenicity for relatively small molecular 
weight, would serve as “lead compounds” for drug 
discovery research, because blocking QS could prevent 
the spread of pathogenicity, formation of biofilm, and so 
on. 

A large number of materials have been studied for the 
detection of QSIs. Various food sources, herbal 
medicines, and a selection of pure chemical compounds 
were screened; and garlic extract and 4-NPO were found 
to be able to reduce the expression of virulence genes 
and biofilm of P. aeruginosa (Rasmussen et al., 2005b). 
Ursolic acid has been discovered from 13,000 samples of 
compounds purified from plants and identified as a new 
E. coli biofilm inhibitor (Ren et al., 2005). Six out of fifty 
medicinal plants in southern Florida showed QS inhibition 
(Adonizio et al., 2006). Also the extract of the plant vanilla 
was found to be able to inhibit bacterial quorum sensing 
(Choo et al., 2006). A young sycamore leaf from 50 
terrestrial or aquatic plant materials was discovered to 
produce QSIs (McLean et al., 2004). Forty-six terrestrial 
plants materials were tested and the chloroform-soluble 
compounds extracted from Scorzonera sandrasica were 
found to inhibit violacein production in Chromobacterium 
violaceum (Bosgelmez-Tinaz et al., 2007). Among 284 
extracts of marine organisms from the Great Barrier Reef, 
Australia, 23% of them were active in a general LuxR-
derived QS screen, and 36 were also active with P. 
aeruginosa (Skindersoe et al., 2008). Three AHL 
inhibitors have been isolated from the Korean red alga, 
Abnfeltiopsis flabelliformis (Chun et al., 2007). Beside 
herbal medicines, pure chemical compounds and marine 
organisms, bacteria are also important subjects to screen 
for QS inhibition. From 96 bacteria isolated from the 
marine brown alga Colpomenia simuosa, 12% of them 
were able  to  produce  QSIs  (Kanagasabhapathy  et  al.,  

 
 
 
 
2009). Also a Halobacillus salinus strain obtained from a 
sea grass sample (Teasdale et al., 2009) and P. 
aeruginosa PAO1 (Dong et al., 2005) was found to have 
QS inhibition. Rasmussen et al. (2005a) screened 100 
extracts from 50 Penicillium species and 33 were found 
to produce QS inhibitory compounds. There were also 11 
out of 46 extracts of marine from different sediment 
samples of Palk Bay region showing anti-biofilm of P. 
aeruginosa activity (Nithya et al., 2010). 

It has been demonstrated that some bacterial species 
interacting with plants or alga produced compounds to 
interfere with QS (Brelles-Marino and Bedmar, 2001; 
Dong et al., 2005; Kanagasabhapathy et al., 2009; Nithya 
et al., 2010). And it would be useful to screen such 
bacteria isolated from soil and sea, the two great con-
tainers of microorganism. Different AHL biosensors have 
been constructed to allow detection of AHL molecules by 
measuring the expression of β-galactosidase, 
luminescence, violacein pigment or GFP. These strains 
have been used frequently in the screening for QSIs 
(Adonizio et al., 2006; Bosgelmez-Tinaz et al., 2007; 
Choo et al., 2006; Kanagasabhapathy et al., 2009; 
McLean et al., 2004; Nithya et al., 2010; Ren et al., 
2005). A soft agar overlay protocol based on pigmenta-
tion inhibition using the reporter strain, C. violaceum to 
screen rapidly for the presence of potential QS inhibition 
was developed (McLean et al., 2004), and 
Kanagasabhapathy et al. (2009) followed the method and 
found 12% of 96 bacteria from the surface of the brown 
alga showing their ability to produce QSI. However, their 
methods could only analyze one sample in a plate and 
the operation was divided into several periods and 
needed long time to prepare the bioassay plates before 
detection. 

In this study, we modified the soft agar overlay method 
and used two biomonitor strains which were able to 
detect a wide spectrum of AHL molecules (Andersen et 
al., 2001; Charlton et al., 2000; Garcia-Aljaro et al., 
2008). Agrobacterium tumefaciens NT1 (traR, 
tra::lacZ749) containing a lacZ fusion in the traI gene of 
pTiC58 (Piper et al., 1993) is induced to produce β-
galactosidase and show blue by decompounding 5-
bromo-4-chloro-3-indolyl β-D-galactopyranoside (X-gal). 
It displays the broadest sensitivity to AHLs at the lowest 
concentrations (Farrand et al., 2002) and evaluates AHL 
with N-acyl side chains in long length from 6 to 12 
carbons and also 3 unsubstituted AHLs (Shaw et al., 
1997). C. violaceum CV026 (Km

r
 cviI::mini-Tn5) 

(McClean et al., 1997) is a autoinducer-negative and 
mini-Tn5 mutant of C. violaceum. Purple pigment 
violacein in CV026 is inducible by the AHL with N-acyl 
side chains from C4 to C8 in length (McClean et al., 
1997). A. tumefaciens NT1 was used as an indicator for 
OdDHL (3-oxo-C12-HSL) inhibitor and C. violaceum 
CV026 was adopted to be a reporter of BHL (C4-HSL) 
inhibitor for screening the presence of potential QSI in 
bacteria rapidly. 



 
 
 
 

We improved the simple method based on inhibition of 
pigmentation or hydrolysis of substrate X-gal developed 
by McLean et al. (2004) to assay these bacteria isolated 
from soil of land and beach, and it proved to work well 
and highly efficient, because at least five isolates were 
selected in one plate in the process of primary bioassay 
and the result was easy to observe rapidly, making 
selecting a large number of samples realizable. And the 
further bioassay of the extracts concentrated from super-
natant of the putative strains culture confirmed that, the 
active part of some extracts contained small molecular 
chemicals.  
 
 
MATERIALS AND METHODS 

 
Bacterial strains and culture medium  

 
The bacterial strains A. tumefaciens NT1 and C. violaceum CV026 
were kindly provided by Professor Lianhui Zhang at Institute of 

Molecular Cell and Biology, Singapore. A. tumefaciens NT1 named, 
NT1, was used as an indicator for OdDHL and C. violaceum CV026 
designated, CV026, was adopted to be a reporter strain of BHL. All 
the bacteria were cultured at 28°C. NT1 and CV026 were cultured 
in Luria-Bertani (LB) broth supplemented with appropriate 
antibiotics at the following concentrations: kanamycin (50 μg/ml) 
and tetracycline (5 μg/ml) with shaking. Strains from land soil were 
cultured on diluted LB medium and R2A medium. 

The medium for bioassay of NT1 was solid minimal medium 
(MM) and CV026 was LB agar medium. MM consisted of 10.5 g of 
K2HPO4, 4.5 g of KH2PO4, 0.2 g of MgSO4·7H2O, 10 mg of CaCl2, 2 
g of (NH4)2SO4, 5 mg of FeSO4, 2 mg of MnCl2, and 2 g of D-
mannitol per 1000 ml (pH 7.0); LB medium contained 10 g of casein 
hydrolysate, 10 g of NaCl and 5 g of yeast extract per 1000 ml (pH 
7.0); R2A medium was composed of 0.5 g of yeast extract, 0.5 g of 
peptones (pancreatic digest of casein, 50%; and peptic digest of 
animal tissue, 50%), 0.5 g of acid hydrolysate of casein, 0.5 g of 

dextrose, 0.5 g of soluble starch, 0.3 g of K2HPO4, 0.05 g of 
MgSO4·7H2O, and 0.3 g of sodium pyruvate per 1000 ml (pH7.0 
adjusted with K2HPO4 and KH2PO4); solidified with 0.8% (w/v) 
agarose when required. 

OdDHL and BHL were synthesized as described previously 
(Zhang et al., 1993). OdDHL and X-gal added in NT1 culture 
produced blue color and BHL supplemented in CV026 culture 
induced violacein production to generate purple color. X-gal and 

antibiotics were purchased from sigma. 
 
 
Sample collection  

 
Samples were collected from several locations in Shanghai, Fujian, 
Guangdong and Shandong in P. R. China. These soil samples were 
collected at the depth of 10 cm from the surface where vegetation 
was flourishing. The soil of the beach was sampled from Xiamen 
beach. Bacteria were isolated from soil of land on 0.1×LB, 0.25×LB, 
LB and R2A medium after being diluted to 10

-2
, 10

-4
 and 10

-6
 with 

0.9% (w/v) NaCl aqueous solution.  

 
 
Initial screening for QS inhibition on solid medium  

 
Since the recombinant bioassay method for AHL QS system 

responds to a broad spectrum of signal molecules, it was 
speculated to be able to respond to a broad spectrum of QSIs 
(Rasmussen et al., 2005b). In initial color screening for QSI activity,  
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we employed the biomonitor strain NT1 for long-chain AHL inhibitor 
screening and CV026 for short-chain AHL inhibitor detection. The 
NT1 was selected as the reporter strain because it harbored β-
galactosidase that responded to an AHL-transcriptional activator 
protein complex which could be induced by a wide variety of AHLs. 
NT1 would show blue by decompounding X-gal when it was 
induced to produce β-galactosidase by AHL. To detect whether 
these bacteria isolated from soil of land produced AHL inhibitor 
molecules, 0.1×LB, 0.25×LB, LB, or R2A medium plates for different 
bacteria were covered with an overlay of melting 5 ml of MM 
medium (50°C) containing 30 μl of NT1 overnight culture, 20 nM 
OdDHL and 300 µM X-gal. After concretion, tested bacteria were 
inoculated onto the medium with sterile toothpick. The plates 

containing X-gal needed to be protected from light. 
CV026 would produce violacein only with exogenous addition of 

BHL. CV026 was incubated in LB broth plus 50 μg/ml kanamycin 
with shaking overnight and the assay was conducted with 20 µM 
BHL added to the LB agar. An aliquot of 15 μl of reporter strain 
overnight culture was added to the melting 15 ml of LB agar 
medium (50°C), and tested bacteria were inoculated to the plates 
with sterile toothpick. The consistence of agarose used in either 
NT1 or CV026 plates was 1.0% (w/v). Plates were incubated 

overnight at 28°C. QS Inhibition from both NT1 bioassay plates and 
CV026 assay plates were observed by a ring of colorless but viable 
cells around the test growing colony. 
 
 
Time course of bacteria inhibitor production  

 
Most QSIs from bacteria were secondary metabolites which would 
be produced at different time. To detect the period of QSIs 

produced as much as possible and also do preparation for the 
extraction of culture supernatant, an experiment of time course for 
QSI product was conducted. The solidified MM (15 ml) supple-
mented with 100 μM X-gal plate was cut into separate slices (7 mm 
in width). The bacteria isolates which could inhibit the degradation 
of X-gal and could grow on MM medium were inoculated into one 
end of an agar slice with sterile toothpick, and into the second agar 
slice after 12 h, and into another end of an agar slice nearby every 

12 h. After the fourth time, the culture of NT1 was spotted (0.4 μl) 
progressively at the same distances from the edge of inoculated 
bacteria to the further distance on the slices at MM medium. At the 
same end of agar slice where tested bacteria isolates were 
inoculated, 5 μl of 20 nM OdDHL was spotted. The plates 
containing X-gal needed to be protected from light. 

The solidified LB medium (15 ml) in plate was cut into separate 
slices (7 mm in width). The bacteria isolates that could inhibit the 
pigmentation of CV026 were inoculated onto one end of an agar 
slice with sterile toothpick, and onto the nearby end of the agar slice 
every 3 h. After the fourth time, overnight culture of CV026 was 
spotted (0.4 μl) progressively on the slices as described above. On 
the same end of agar slice where tested bacteria were inoculated, 5 
μl of 200 μM BHL was spotted. Both NT1 and CV026 report plates 
were incubated at 28°C overnight. The different lengths of colored 
report strain colonies were observed. In other words, the distance 
from the first induced colored colony to the origin of the isolated 
inoculated in each agar slice was measured and the inhibition 
ability of the QSI was estimated. 
 
 
Extraction of the supernatant of isolates producing QSIs  

 
To eliminate the false positive strains, and also to prepare for 
purification and identification the QSI-like molecules gotten from the 
putative bacteria in initial screening, we further extracted the 

supernatant of culture which could inhibit the process of QS. 
According to the data from time course test, culture collection time 
for the extraction was decided. OdDHL inhibitor  bioassay   was  
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performed on MM medium; hence the putative isolates could not 
grow on MM medium, the extraction was used in the time course 
experiment. 

To obtain the concentrated extract, two milliliters overnight culture 
of isolates were incubated in two liters of appropriate medium for 
appropriate time. Centrifuged and collected the supernatant, 
transferred it and mixed 1:1 with acidified ethyl acetate. The mixture 
was shaken for 4 h. After quiescence and stratification, the aqueous 
and organic portion was separated. The organic portion was 
evaporated with a rotary evaporator and the remainder was 
dissolved in 2 ml of methanol. 
 
 
Bioassay of the extracts of the supernatants 

 
The extraction samples from putative isolates were further screened 
by means of the slightly modified assay method described by Dong 
et al. (2000). The MM agar medium (15 ml) supplemented with 100 
μM of X-gal or LB agar was cut into separate slices (10 mm in 
width). These solutions were spotted on the top of the slices in the 
MM agar plate as follows: 5 μl of the extract and 5 μl of 10 μM 
OdDHL, 5 μl of the extract and 5 μl of methanol as test samples; 10 

μl of methanol considered as blank control; 5 μl of methanol and 5 
μl of 10 μM OdDHL as negative control. The plates containing X-gal 
needed to be protected from light. 

In LB agar medium (slices with the width of 7 mm): 7.5 μl of 
methanol and 5 μl of 200 μM BHL, 7.5 μl of methanol and 5 μl of 
200 μM BHL as negative control; 7.5 μl of extract and 5 μl of 200 
μM BHL, 7.5 μl of extract and 5 μl of methanol as test samples; 
12.5 μl of methanol considered as blank control. Fresh NT1 or 
CV026 reporter strain culture was spotted progressively at the 

same distances from the loaded samples in MM or LB agar slices. 
The blank control and negative control were used to confirm the 
reporter strains could be induced only by the QSAs. The effect of 
methanol needed to be removed, and whether the extracts reduced 
the growth of reporter stains could also be tested. These plates 
were incubated at 28°C overnight for the observation of color 
change.  
 

 
Bacterial identification by 16S rDNA sequence analysis  
 
For the amplification of 16S rDNA, we used purified bacterial 
isolates as templates without DNA extraction, and the universal 
forward primer 27F (5’-AGAGTTTGATCMTGGCTCAG-3’) and 
reverse primer 1492R (5’-TACGGYTACCTTGTTACGACTT-3’) 
(Lane, 1991). PCR condition was fixed as initial hold for 10 min at 
95°C followed by 30 cycles of melting for 1 min at 94°C, annealing 
for 30 s at 53°C and extension for 2 min at 72°C, followed by a final 
elongation step of 72°C for 15 min. The band size and concen-
tration of PCR products were measured by electrophoresis using 
1% agarose gel. Sequencing reactions were performed by 
Shanghai Sangon Biological Engineering Technology and Services 
Co., Ltd. with the primer 519F (5’-CAGCAGCCGCGGTAATAC-3’) 
(Coolen et al., 2004). The EzTaxon server 2.1 was used to assign 
16S rRNA gene sequences (Chun et al., 2007). 
 
 
DNA extraction for taxonomic analyses  
 
DNA extraction for the soil from beach was performed with the 
MOBIOL Laboratories UltraClean Soil DNA Isolation Kit. For the soil 
sample from land, 0.5 g sample was transferred into 2 ml tubes for 
DNA extraction in the laboratory after thawing on ice. Subsequently, 
500 μl of TE buffer (10 mM Tris-HCl, pH 8.0, 1 mM EDTA) and 10 μl 

of lysozyme with the final concentration of 50 mg/ml were added, 

and then, the sample was incubated for 30 min at 37℃. After that, 
25 μl of sodium dodecyl sulphate (SDS) with the f inal  concentration  

 
 
 
 
of 20% and 5 μl of proteinase K with the final concentration of 20 
mg/ml were added, and the sample was incubated for at least 3 h at 
55°C. Then, 0.1 g of glass beads was added to the tube, and the 
tube was rotated for 5 min. The sample was frozen with liquid 
nitrogen and thawed at 65°C in water bath, which was conducted 
three times. Finally, 80 μl of NaCl with final concentration of 5 M 
and 60 μl of CTAB with the final concentration of 10% were added 
to the tube, which was then incubated at 65°C in water bath for 20 
min. Cell lysates were extracted with an equal volume of 
phenol/chloroform/isoamyl alcohol (25:24:1), mixed thoroughly and 
centrifuged for 10 min at 13400 g. The supernatant was transferred 
to a new tube, and an equal volume of chloroform/isoamyl alcohol 
(24:1) was added, and then, the sample was centrifuged for 10 min 

at 13400 g. The supernatant were transferred to a new tube, and 
roughly a 0.6 volume equivalent of isopropanol was added to the 
sample, which was then incubated overnight at -20°C. Another 
centrifugation was performed at 13400 g for 20 min at 4°C. The 
pellet was then washed with ice-cold 70% ethanol, dried and 
resuspended in 50 μl of TE buffer (Feng et al., 2009).  
 
 
16S rDNA gene sequencing and analysis by taxonomic 

assignments  
 
Template DNA isolated from the soil samples from both land and 
beach was amplified for 16S rDNA genes by PCR (predenaturation 
step of 5 min at 95°C followed by 25 cycles of 1 min at 94°C, 45 s 
at 51°C and 45 s at 72°C, followed by a final elongation step of 
72°C for 10 min), using the modified forward tag-adorned primer 
tag-TC-338F (5’-ACTCCTACGGGWGGCWGCAG-3’) and the 
reverse tag-adorned primer tag-TC-907R (5’-

CCCCGTCAATTYMTTTGAGTTT-3’). PCR products were purified 
using the QIA quick PCR Purification Kit (Axgen, U.S.A) and 
quantified with NanoDrop ND-3000 (NanoDrop Technologies) with 
120 ng of temples.  

Sequences of low quality were discarded from the dataset. A total 
of 953 sequences from soil of land, and 807 sequences from soil of 
beach were retained. The Ribosomal Database Project (RDP; 
http://rdp.cme.msu.edu/) classifier was used to assign 16S rDNA 

gene sequences (Wang et al., 2007). 

 
 
RESULTS 
 

Detection of QSIs on solid medium  
 

For bacterial screening, the test isolates were first 
inoculated with sterile toothpick onto their appropriate 
media and incubated overnight at 28°C. In the initial plate 
screening after incubation overnight, pigmentation in the 
indicator bacteria, purple in the case of CV026 and blue 
in the case of NT1 would occur naturally without 
inhibitors. Many test isolates grew well on the medium 
showing blue or purple color background, which indicated 
that there was no particular compound inhibiting the 
exogenously added OdDHL or BHL. Whereas a small 
cloudy and colorless loop around some test bacteria 
would appear, meaning the presence of repressors of 
quorum sensing produced by the test strains seeded. As 
shown in Figure 1, we could see such a loop in each 
picture. The bacteria caused loop in the NT1 plate (Figure 
1A) was named A4, and two in the CV026 plate (Figure 
1B) were B7 and B8. The colonies without loop around 
the colony ring were negative isolates in the assay  plates  
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Figure 1. Initial screen plates by NT1 for OdDHL inhibitor (A) and by CV026 for BHL inhibitor (B). QSI 

produced by isolates A4, B7 and B8 from soil caused cloudy and colorless loops. (A) 0.1 LB agar covered 
with an overlay consisted of 5 ml of MM supplemented with inoculums of NT1, 20 nM OdDHL and 400 μM X-
gal. (B) LB agar with CV026 and 20 μM BHL as supplement. 

 
 
 

 
 

Figure 2. The time course for QSI production by A4, B7 and B8. Isolates to be tested were inoculated on one end of slices at specific intervals 

(the label time is the test bacteria culture time before spotting the reporter strains), and at the last time, report strains were spotted and QSAs 
(5 μl of 20nM OdDHL for A4, 5 μl of 200 μM BHL for B7 and B8) were added on the same ends as isolates A4, B7 and B8. The slic e BC was 
filled nothing as blank control, and QSAs were added on the CK slice. The plates were incubated at 28°C overnight for the observation of color 
change. The medium plate for isolate A4 was MM containing 100 μM X-gal, and the plates for B7 and B8 were LB agar.  

 
 
 
(Figure 1a and 1b). Among all these more than 500 
bacteria isolates from soil of land, we obtained 12 
isolates via NT1 and CV026 assay, which showed very 
obvious colorless opaque haloes around the test isolates. 
Being cloudy displayed the growth of report stains was 
not affected, and being colorless expressed that the 
production of β-galactosidase in NT1 and violacein in 
CV026 were not induced successfully, which indicated 
that the process of QS had been disturbed. It was 
presumed that the generation of QSA signals was 
inhibited, or the QSAs were metabolized or degraded, or 
the signal molecules were prevented from activating the 
TraR transcription, and the latter was the signal inhibitor 
chemicals we would focus on in the study. We chose 
colorless but viable circular zone produced on the lawn 
edge of the reporter strains, for no effect on the growth of 
monitor strains to exclude the antibiotic product from test 
isolates. Growth inhibition would produce a clear halo 

versus turbid circular zone for reporter strains growing 
well, while QSI will permit growth but inhibit only the 
hydrolysis of X-gal or pigmentation, showing a white zone 
around the target strain. 
 
 
Further bioassay of the putative strains  
 
Most QSIs were secondary metabolites production which 
would change with different culture time. Time course 
results of QSI production were shown in Figure 2, the 
longer time the tested bacteria incubated, the fewer the 
colored report strain colonies were. The bioassay plates 
were incubated at 28°C for at least 12 h. It was surmised 
that more QSIs were accumulated when the tested 
isolates were cultured for a longer time. No colored 
colonies at the blank control agar slice were found, while 
they   appeared  corresponding  color   on   the   negative 
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Figure 3. Further screening with the extracts. The MM agar (A) containing 100 μM X-gal and the LB agar (B) 

were cut into separate slices (10 or 7 mm in width respectively). Report strains were spotted under the blue line 
and QSAs as well as the extract was adding on the end of slices. The symbols on the top of the agar slices: (A) 
1. 10 μl of methanol considered as blank control; 2. 5 μl of extract of A4 and 5μl of 10 μM OdDHL used as test 
sample; 3. 5 μl of methanol and 5 μl of 10 μM OdDHL considered as a negative control for maximum induction in 
the absence of inhibitor; 4. 5 μl of extract of A4 and 5 μl of methanol; Last row (B): 1. blank control; 2. 12.5 μl of 
methanol; 3. 7.5 μl of methanol and 5 μl of 200 μM BHL as negative control; 4. 7.5 μl of methanol and 5 μl of 
200 μM BHL; 5. 5 μl of 200 μM BHL and 7.5 μl of extract of B7; 6. 7.5 μl of extract of B7 and 5 μl of methanol; 7. 
5 μl of 200 μM BHL and 7.5 μl of extract of B8; 8. 7.5 μl of extract of B8 and 5 μl of methanol. The plates were 
incubated at 28°C overnight for the observation of color change. 

 
 
 
control slice, which demonstrated the reporter strains 
worked normally. On the A4 MM plate, the inhibition effect 
was visible from the 24 h culture slice; A4 strain has 
excreted a large amount of inhibitors when cultured more 
than 36 h (plus the overnight culture time of the report 
strains). The reason why longer time was needed might 
be that the isolates did not grow well in MM. The growth 
of reporter strains NT1 was not affected. On BHL LB 
bioassay plates, the length of colored colonies at the agar 
slice of the 3 h or earlier culture was the same as the 
negative control, and the length of the 6 h or later culture 
agar slice was shorter on B7 plate and B8 plate. It 
indicated B7 and B8 produced inhibitors when they were 
cultured more than 18 hours (plus the overnight culture 
time of the report strains). 

The label time on the top in Figure 2 is the culture time 
of test isolates before spotting the reporter strains. The 
actual culture time for inhibitor product should be added 
with overnight (12 h) incubation time for detection. 
Therefore, the isolates selected from NT1 assay were 
incubated at 28°C with shaking at 170 rpm for 36 (24+12) 
h, and the isolates selected from CV026 assay were 
cultured for 18 (6+12) h at the same condition. Two liters 
supernatant was extracted with ethyl acetate. 
Subsequently, the ethyl acetate fraction was removed 
and evaporated to almost complete dryness, and 
samples were dissolved in methanol and stored at -20°C 
for further use in QSI assays. 

We chose the 12 putative strains producing QSIs for 
the supernatant extraction and further bioassay. The 
extracts of A4, B7 and B8 have stronger inhibition than 
the others among these 12 isolates. As shown in Figure 
3, there was no colored colony at the blank agar slice. 
The length of colored colonies at the agar slice of extract 
of A4 and 10 μM OdDHL was shorter than that of 10 μM 
OdDHL alone showing quite strong inhibition ability 

(Figure 3A). Slice with extract of B7 or B8 and 200 μM 
BHL having no colored colony showing strong inhibition 
to BHL (Figure 3B). At the same time, we found that 
methanol had no effect upon the process of QS, and the 
extract itself did not affect the QS of reporter strains as 
well as their growth. The growth of both reporter strains 
was not affected. Therefore, it was demonstrated that 
active compounds were not antibiotics. Apparently, the 
active part did not interfere with the growth of reporter 
strains. The negative effect on violacein production and 
blue pigment were not caused by inhibition of growth but 
by disruption of QS signaling systems. 
 
 
Bacterial identification and taxonomic assignments 
by 16S rDNA sequence analysis  
 
Using 16S rDNA gene sequencing method, phylogenetic 
analysis of a subset of these tested isolates 
demonstrated the bacterial isolate showing AHL inhibition 
was Pseudomonas taiwanensis BCRC 17751, and the 
two isolates producing BHL inhibitions were 
Pseudomonas chlororaphis subsp. Chlororaphis DSM 
50083 and Pseudomonas vranovensis CCM 7279, 
respectively.  

We also determined the composition of microbial 
assemblages of the soil samples from both land and 
beach using pyrosequence date of the 16S rDNA gene. 
From the soil sample collected from land, in total 953 
DNA sequences were retained for further analysis, and 
for the soil from beach, 807 DNA sequences were 
retained. The RDP classifier was used to assign 16S 
rDNA gene sequences. For the soil sample from land, 
Chloroflexi (224 sequences, 23.5%) was the most 
abundant phylum, followed by Proteobacteria (180 
sequences,   18.9%),   Acidobacteria    (127   sequences,  
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Figure 4. Distribution of phylogenetic groups in SL and SB samples: SL, soil sample from land; SB, soil sample from the beach. 

The RDP classifier was used. The percentages of the phylogenetically classified sequences are shown. 

 
 
 

13.3%), Actinobacteria (94 sequences, 9.9%), 
Bacteroidetes (50 sequences, 5.2%), Planctomycetes (36 
sequences, 3.8%), Verrucomicrobia (35 sequences, 
3.7%), and Firmicutes (31 sequences, 3.3%). In contrast, 
the most bacterial sequences of the soil sample from 
beach were affiliated with different types of 
Proteobacteria (453 sequences, 56.1%), followed by 
Bacteroidetes (114 sequences, 14.1%), and 
Cyanobacteria (53 sequences, 6.6%), as shown in Figure 
4. 

It was found that the phylum Proteobacteria, to which 
the isolates showing QS inhibition belong, was the most 
abundant in the soil sample from beach (453 sequences, 
56.1%), and the second among the phylum in the soil 
from land (180 sequences, 18.9%). 
 
 
DISCUSSION 
 
Since a large number of systems affecting pathogenicity 
are controlled by QS, interrupting the communication 
system can render pathogenic bacteria to non-virulent 

(Zhang and Dong, 2004). QS System proves to be an 
intriguing target for future antimicrobial chemotherapy. 
The AHL lactonases could quench the QS strongly and 
have potential commercial application in agriculture and 
food manufacturing. And the active compounds of QS 
inhibition have broad potential, veterinary and biomedical 
applications (Rasmussen and Givskov, 2006). The 
development of antipathogenic drug that function by 
attenuating the bacteria with respect to virulence is 
considered to be a new strategy for therapy of bacterial 
infection. The achievement of novel anti-infection without 
affecting the growth of bacteria is less likely to impose a 
selective pressure for resistance (Hentzer et al., 2003) 
and critically combat the increasing number of multidrug 
resistant bacteria (Reacher et al., 2000). 

In this study, for screening of QSI, we test bacteria 
isolated from the soil from land or beach, both of which 
were great containers of microorganisms in the 
environment, as well as the huge source of QSIs. In 
previous reports, cloudy and colorless loops of biosensor 
strain, CV026 or NT1, have appeared in the literatures 
(Choo et al., 2006; McLean et al., 2004).  However,  most  
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of their methods could only bioassay one sample in a 
plate and the operation was divided into several periods 
and needed hours, while our method of bioassay could 
be done easily and uninterruptedly; furthermore, at least 
five isolates were selected in one plate, which makes it 
highly efficient when selecting a large number of 
samples, including many extracts from bacteria, plants 
and chemical libraries. 

Without inhibitors, pigmentation in the indicator 
bacteria, purple in the case of CV026 and blue in the 
case of NT1 by decompounding X-gal would occur 
naturally in the initial plate screen after incubation 
overnight. For the detection of QSI-like compounds, the 
test isolates were inoculated to the media and positive 
results of QSI would be considered as pigmentation 
inhibition without killing the reporter strains. The colorless 
zone of inhibition around the target strain observed 
should be opaque, while antibacterial agents will inhibit 
the growth and show a clear zone of inhibition, whereas 
QSI will permit growth, but inhibit only the formation of 
pigmentation. 

Out of more than 500 bacterial strains screened preli-
minarily for anti-QS activity, 12 putative strains showed 
QS inhibition at different levels. Finally, among 12 positive 
strains, three isolates proved to produce effective 
inhibitors of QS. Using the simple bioassay method to 
screen bacteria in nature, quite high proportion of the 
samples was demonstrated to have QSI activity, with 
2.4% (12 out of 500) of the samples showing positive 
results in the initial screen. Further, 25% of these (3 out 
of 12) from the initial test were also active in subsequent 
screening after extraction. Henceforth, screening 
bacterial samples from nature as extensively as possible 
would increase the probability of providing fresh 
candidates for QSIs. After the two steps of selection, the 
extract possessing QSIs from the putative bacteria were 
valuable for further study to isolate, purify and identify the 
structure of the small molecule inhibitor. Efforts on 
proving their inhibitory mechanisms on P. aeruginosa 
quorum sensing are being taken. 

The proportion of the QSI-producing isolates gotten 
from the soil in the study is lower than that of AHL-
positive bacteria in marine sponges and potato 
(Mohamed et al., 2008; Someya et al., 2009) and also 
lower than that of bacteria producing QSI-like compounds 
isolated from the brown alga (Kanagasabhapathy et al., 
2009). AHLs have been shown to mediate interactions 
between different species of bacteria and between 
bacteria and higher organisms. Hence, it is easier to get 
QSI-like molecules from the environment of plants or 
marine organisms as the habitats of a large number of 
bacteria. And the proportion of extract showing QS 
inhibition activity is even much lower. We considered the 
reason as pseudo-positive, and that some enzymes, such 
as lactonases that degrade AHL were affected among the 
extraction. 

These three strains producing QSI-like molecules in the  

 
 
 
 
study, (Pseudomonas taiwanensis BCRC 17751, 
Pseudomonas chlororaphis subsp. Chlororaphis DSM 
50083 and Pseudomonas vranovensis CCM 7279) all 
belong to Pseudomonas. The phylum Proteobacteria and 
the genus Pseudomonas, as well as Pseudomonas 
aeruginosa (Dong et al., 2005) were all studied before. 
Proteobacteria associated with marine sponges were 
studied for QS signal production, and 38% were found to 
be able to produce AHL (Mohamed et al., 2008). 
Pseudomonas might produce QSAs themselves. To avoid 
the inhibition of QS systems by QSAs with different chain 
lengths, we tested the QSAs activity with the extracts 
from these three Pseudomonas isolates. They showed 
inhibition function without QSA activity in NT1 and CV026 
bioassay plates. And the phylum Proteobacteria, to which 
the isolates showing QS inhibition belong, was the most 
abundant in the soil of beach (56.1%), and the second 
among the phylum in the soil from land (18.9%). It is 
implied that the soil samples from beach were probably 
more suitable to select QSIs than soil from land. 

The genus Pseudomonas is known to produce multiple 
AHL signal molecules, and have several biocontrol traits, 
and many of the beneficial traits are regulated by quorum 
sensing system via AHL. Since AHL molecules are 
diffusible and utilizable to not only the bacteria producing 
them but also to coexisting organisms, it is worth noting 
the AHL-producing nonpathogenic and pathogenic 
bacteria interacting with each other via AHL. From the 
results observed before, the ability to antagonize AHLs 
seems to be widely distributed in bacteria, and we 
summarize that the probability of getting QSI-like 
molecules from Proteobacteria, especially the genus 
Pseudomonas is much larger than from other phylum, 
because the QS system is widespread among the phylum 
as mentioned before. Also three isolates from 
Pseudomonas showed the most effective inhibition 
activity in this study, which corresponded with some 
previous studies that Pseudomonas aeruginosa proved to 
produce QSIs (Dong et al., 2005; Mohamed et al., 2008; 
Someya et al., 2009).  

However, from the soil samples studied so far, we could 
get more than fourteen phyla. As a result, the probability 
of QSI-like molecules from bacteria isolated from soil is 
appreciable, even if the percentage of bacteria showing 
QS inhibition among other phyla is not as high as 
Proteobacteria with such a large number of objects to 
study by a high-efficient method described in this study. 

For the primary screening, the simple screening 
strategy using NT1 and CV026 strains allows the rapid 
and sensitive detection of QSIs from large number of 
bacteria living in soil of land. Experiment is done to 
chemically analyze the supernatant extracts to validate 
those secondary metabolites responsible for the 
observed activities. We attempt to identify the inhibition 
compounds detected. These QSI compounds could find 
applications as natural antifoulants with non-antigenicity 
in the future, also demonstrating the  potential  for  further  



 
 
 
 
identification of QSI-like molecules from soil organisms. 
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