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ABSTRACT

Quorum sensing inhibitors (QSI) may provide new research direction for
the defense of bacterial diseases and biofilm related marine biofouling.
QS screening and development from natural source have received great
interest in recent years. In this study, 17 marine bacterial strains, which
were found exhibiting anti-quorum sensing activity in previous study,
were secondary screened using pigment inhibition assay. One active
bacterium 108 was identified as Staphyl ococcus saprophyticus based on
the 16S rDNA sequence analysis and morphological observation. The
culture condition of bacterium 108 was optimized. The results showed
that moderate pH (6.0-7.0) and temperature (25°C) favored the bacterial
growth and bioactive metabolites production. Yeast extracts content was
the most i mportant medium component affecting the bacterial growth and
bioactive metabolites production. By culturing under the optimized
condition, the anti-quorum sensing activity of S. saprophyticus 108 and
the yield of crude extracts was increased about 50% and 1.5 times,
respectively, compared to the bacterial culturesbefore optimization. The
active metabolitesin S. saprophyticus 108 cultures werefurther extracted,
isolated and identified. Cyclo (Pro-Leu), was identified from the active
subfraction of the bacterium by GC-MS analysis. It was found for first
timethat Cyclo (Pro-Leu) exhibited moderate anti-quorum sensing activity.
© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Quorum sensing (QS) iscommunication systemin
bacteriawhichinvolvestheregulation of geneexpres-
sonand behaviorsin responseto thebacteria cell den-
sity through the production and sense of some small
signa molecules?. Thisbacteria communicationis
existed not only in the same species but also among
different species, which could regulatethere ationship
among different bacteria. Therefore, quorumsensingis
a so called thelanguage of bacterid*®l.

Many important bacteria physiologica functions, in-
duding bioluminescence, virulencefactor productionand
release, antibiotic biosynthes s, bacterial aggregation,
biofilm formation, extrapolysaccaride production and
secretion, plasmid transduction, etc, are regulated by
quorum sensing system(*®18, For example, Pseudomo-
nasaeruginosa causeslife-thresteninginfectionincys
ticfibrosispatients. P. aeruginosaformshiofilminhost
body, which makesthem 1000-timesmoreresistant to
conventiona antibioticsthan planktonic bacteriado@.
Quorum sensng system play important roleinregulation



BTAIJ, 7(11) 2013

Dong Kunming et al.

481

——————y FULL PAPER

of the biofilm formation and maturation of P.
aeruginosal®™, TheNationa Ingtitutesof Hedth (NIH)
estimatethat 80% of al bacterid infectionsoccurringin
the human body arebiofilm related®.

With thegradually recognition on theimportance of
guorumsensing syseminregulaingmicrobid physiologi-
cd activities, thereisgrowinginterestin quorum sensing
inhibitors (QSls) research. QSIsmay block theQSand
inturnto prevent the synthesisof virulencefactor and
formation of biofilm. SinceQSl isnot directly target on
thesignificant growth processof pathogen, and will not
providefata selection pressureto thebacterialikecom-
mon antibiotics, whichmay limit thegeneration of ress-
tant mutants*. Therefore, blocking quorum sensing has
being recognized asaviable gpproach for the develop-
ment of nove thergpeuticsintreating bacterid infections
and avoidingbiofoulingin engineering system.

Recently, many studies have been carried out to
streenfor thequorumsenanginhibitiveadtivity fromplants
and microbes. Some potent speciesand compoundswith
remarkabl e anti-quorum sensing activity have beenfig-
ured out™. Marine bacteriahave proved to bearich
resourcefor thediscovery of bioactive secondary me-
taboliteswith unique structure®. Complex diversity of
marineecol ogicd environment givesmarinebacteriathe
intensemicrobia competitionfor spaceand nutrientsre-
sources. It isprobablethat many excreted metabolites
help mediate microbe- microbeinteraction®. Therefore,
marinebacteriashould exhibit theability in production of
quorum sensing rel ated substances.

Inour previousstudy, 272 marinebacterid isolates
had been screened for their anti-quorum sensing activ-
ity againgt theviolacein productioninthereporter srain
Chromobacteriumviolaceum by disc diffusion assay
and double soft agar assay. 17 bacteria were found
exhibiting higher anti-quorum sensing activity!®. Inthis
study, these active bacteriawere secondary screened
using pigment inhibition assay and onehighly activebac-
terid strain 108 wasidentified. The culture condition of
this bacterium was optimized and the active metabo-
liteswerefurther isolated and identified.

MATERIALSAND METHODS
Bacterial cultureand the crudeextract prepara-
tion

Bacterid strains, whichwas provided by Prof. Pe-

yuan Qian’s research group, Hong Kong University of
Scienceand Technology, wererecovered fromthefro-
zen stock in marine broth (M B) medium, which con-
tained 5 g/L peptone, 3g/L yeast extracts, 0.1 g/L ferric
citrate, 19.45 g/L NaCl, 5.9 g/L MgCl,, 3.24 g/L
MgSO,, 1.8 g/L CaCl, y0.55 g/L KCl with pH 7.4-
7.6. After cultured for 36 hat 30°C, the bacterial cul-
tureswerere-inoculated into 250 mL cultureflask con-
taining 50 mL fresh M B medium, and continuoudy cul-
tured for 60 h. The cultureswerethen extracted with
equal volumeof ethyl acetate (EtOA C) containing 5%
acetone. Theorganic fractionswere collected and con-
centrated under decreased pressure with rotor vac
(Shanghai Yarong, RE52CS). The residues were
weighed and dissolved in methanol (MeOH) or dim-
ethyl sulfoxide (DM SO) to aconcentration of 50 mg/
mL for further analysisor bioassay.

M easur ement of thebacterial growth

Bacterid growth wasdetermined according to bac-
teria cell density (OD_, ) whichwasmeasured usinga
spectrophotometer.

M easur ement of thebacterial quorum sensingin-
hibitiveactivity

Disc diffusion assay and pigment inhibition assay
were used to measurethe bacterial quorum sensingin-
hibitive activity. In disc diffusion assay, reporter strain
Chromobacteriumviolaceum 12472 was subcul tured
inLB liquid medium (0.5% yeast extract, 1% typtone,
1% NaCl, pH 7.0-7.2) overnight. 250 ug/mL or 500
ug bacterial extracts wereloaded onto the sterile pa-
per disc (0 6mm). After the solvent was evaporated,
the paper disc was placed onto the LB agar platewhich
was spread with 100 pL C. violaceum in advance.
Theinhibitionzone (in diameter) of violet pigment pro-
duction of thereporter strain wasobserved after 24 h
incubation at 30°C.

In pigment inhibition assay, overnight cultured C.
violaceum was adjusted to OD, = 0.1 using fresh
LB liquid medium. Thissolutionwastransferred tosmal
test tube (2 mL/tube). Bacterial extracts was added
into the solution to thetest concentration (250 pg/mL
or 500 pg/mL). Same volume of the solvent DM SO
was served as negative control. All sampleswere cul-
tured at 30°C with rotation of 150 rpm. After 24 h

s BioTechnology

An Tudian Yourual



482

Study on the anti-quorum sensing activity of a marine bacterium Staphylococcus saprophyticus 108

BTAIJ, 7(11) 2013

FULL PAPER

cultivation, the cultureswere centrifuged a 14000 rpm
for 30 min. The supernatantswereremoved and 1 mL
DM SO was added into the cell pellet, vortex vigor-
oudy to completdly dissolvetheviolet pigment fromthe
bacterid cells. Theresulted solutionswere centrifuged
at 14000 rpm for 10 min to remove the cell debris.
OD,,,, of the solution was measured and theinhibition
rate of violet pigment production wascal cul ated based
onthefollowingformula

D 570control

oD

D 570sample x 100%

570control

(e}
Inhibition rate(%)=

Bacterial genomic DNA extraction, PCR amplifi-
cation and 16sr DNA sequencing

Bacterium 108 wascultured in MB liquid medium
and the cellswere collected by centrifugation (10000
rpm, 10 min). Bacteriad DNA extractionwasusing the
SK1201-UNIQ-10 DNA extraction kit (Sangon). The
16SrRNA genes(rDNA) inthegenomic DNA were
PCR amplified using the primers 7F (5'-
CAGAGTTTGATCCTGGCT- 3) and 1540R (5-
AGGAGGTGATCCAGCCGCA- 3). Each PCR mix-
ture contained 10 pM of purified DNA, 1.25U of Taq
polymerase (TaKaRa, Dalian, China), 0.2 mM of
dNTPs, 0.2mM of each primer and 5 ml of 10 x PCR
bufferinatota volumeof 50 mL. PCR wasperformed
inthefollowing thermal cycles: initial denaturation at
98°C for 5 min; 35 cycles of denaturation at 95°C for
35 s, annealing at 55°C for 35 s and an extension at
72°C for 90 s; and final extension at 72°C for 8 min.
16s rDNA sequencing was performed by Shanghai
Sangon Biotech Company. Bacterium 108 wasidenti-
fied by comparisonwith sequencesavail ablein Genbank
databasesusing the Ribosoma Database Project (RDP).
Similar sequencesweredigned usng multiplesequence
alignment program MEGA version 5.05. Gaps and
positionswith ambiguitieswereexcluded fromthe phy-
logeneticandyss. Phylogenetic andys swasperformed
using theneighbor-joining methods.

Field emission scanning electr on microscopy ob-
servation

To study the microscopic morphological features
of strain 108, the bacterial cellswerefixed in 2.5%
glutaraldehydein phosphate buffer sdinefor 2hat 4°C
and post-fixed in 1% osmium tetroxide in the same
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buffer for 1h. Sampleswere dehydrated in agradient
ethyl acohol series(50%, 70%, 80%, 90%, 100% etha
nol dissolved in ultrapurewater), critical point-dried,
and coated for field emiss on scanning e ectron micros-
copy (FESEM) with Pt/Pd and examined with Hitachi
S-4800 (Tokyo, Japan) at 15.0 kV.

Optimization of theculturecondition of bacterial
srain
Optimization of culturetemper atureand pH

Singlefactor test was performed to study the ef-
fectsof different temperature and pH on the bacterid
growth, metabolites production and bioactivity. Bacte-
rium 108 wasgrown on 100 mL MB liquid medium at
7 different pH valuesfrom5.0t0 9.0 a 30°C, or grown
on MB liquid medium at 15, 20, 25, 30, 35°C with pH
7.0.

Optimization of medium components

Singlefactor test was also performed to study the
effects of different peptone (0, 2, 5, 10, 15g/L) and
yeast extract (0, 1, 3, 5, 8 g/L) concentrationson the
bacteria growth, metabolitesproduction and bioactiv-
ity. After cultured for 2 d, bacterial cell density was
measured, and the bacterid cultureswereextracted and
tested for their anit-quorum sensing activities.

Bacterial massculture, extraction and compound
isolation

Bacterium 108 was mass cultured in MB liquid
medium (45L) under optimized condition, the bacteria
cultureswere extracted with equal volumeof EtOAC
containing 5% acetone. and the solvent was evapo-
rated. The residue was suspended inMeOH/H,09:1
and extracted with equa volume of Hexanefor 3times.
MeOH/H,O layer was added with some H,O to
MeOH/H,0 6.5:1 and was extracted again with equal
volume of Dichloromethane (DCM) for 3times. Hex-
anelayer, DCM layer and MeOH/H,O layer were con-
centrated individualy and tested for their quorum sens-
inginhibitiveactivity. Theactivefractionswerefurther
isolated and identified using column chromatography,
nuclear magnetic resonance (NMR, AVANCE 600,
Bruker) and gas chromatography-mass spectrometer
(GC-MS, Trace DSQ, Thermo).

GC-M Swasincorporated with arelatively nonpo-
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lar capillary column (DB-VRX, 60.0 m x 250 pm x
1.40 um). Theinjection port was held at 280°C. The
temperaturewasfirst hold at 50°C for 3 min and pro-
grammed from 50to 330°C at 20°C per minute, and
hold at 330°C for 3 min with helium as the carrier gas.
El iron sourcewas used and theiron source tempera-
turewas 200°C, the MS scanning range was 50 to 650
anu.

RESULTSAND DISCUSSION

Secondary screen for quorum sensing inhibitive
activity

Inthe previous study, 17 bacteriawere found ex-
hibiting anti-quorum sensing activity. Thesebecteriawere
secondary screen for their quorum sensing inhibitive
activity usng pigment inhibition assay. All the 17 bacte-
riashowed someinhibitiveactivity (withtheinhibition
rate of 6% to 30%) on violet pigment production of
reporter strain (Figure 1). Among them, bacteria108,
305, 552 exhibited highly inhibitionrate, especidly for
thebacterium 108. It was aso found that the activity of
strain 108 was more stable Therefore; strain 108 was
selected for further identification, culture condition op-
timization and active compoundsisol ation.

Sincequorum sensing system control many bacte-
rial physiologica behaviorsespecidly affecting patho-
genicity, more and moreresearchers started to focus
onthestudy of interruption of quorum sensing system,
such asquorum sensing inhibitors screening. To screen
for the QSI, many kinds of screening methods have
been devel oped. Theviolacein productionin Chromo-
bacteriumviolaceum, B-galactosidase productionin
Agrobacteriumtumefaciensand bioluminescencein
Vibrio harveyi arefoundto becritically regul ated by
QSsygsem. Thevariaion of thesecharacteridticsinthese
three bacteria could be easily detected in the bioas-
says. Wild typeor mutantsof theGram negative strains
C. violaceum, A. tunefaciens and V. harveyi have
been usually used asAHL relevant QSreporter strain,
Cross cultivation agar plate assay, overlaid soft agar
assay and disc diffusion assay have been developed to
screenfor the QS| activity from target bacteriaor bac-
terid/plant extracts. Inthisstudy, pigmentinhibitionas-
say whichwas conducted in liquid medium had been

used asprimary measuring method. The pigment inhi-
bition ratein thismethod could be precisdly quantified.
However, thisassay needsextracts samplewhich takes
more effortsin the sample pretreatment. Thismethod
should bemore suitable used in secondary screening of
bacterid samples. High amount of DMSOintheliquid
medium (larger than 5 uL/mL) could also affect the
growth of reporter strain. Therefore, the addition of
DM SO intheassay system should belessthan 5 uL/
mL.

Inhibition rate (%)

64 88 T4 82 81 00 102 201 223 224 272 305 443 482 521 552 821

Bacteria
Figurel: Theanti-quorum sensing activity of thebacterial
extractsin pigment inhibition assay.

I dentification of strain 108

Genomic DNA of strain 108 was extracted, the
16srDNA was PCR amplified and sequenced. The
nearly complete 16SrRNA gene sequence of strain
108 (1437 bp) was obtained. Comparative analysis of
the 16SrRNA gene sequence with sequences depos-
itedin GenBank using BLAST indicated that thestrain
fell within the Saphyl ococcus clade and shared the
highest sequence similarities, 99 %, with S.
saprophyticus. Based on the 16S rDNA sequence
analysis, the phylogenictree of thestrain 108 and its
related specieswas constructed asshownin Figure 2a
FESEM wasal so carried out to observethe bacterial
cell structure (Figure 2b), which showed that 108 was
around-shaped bacterium with smooth surfaceand cells
were0.7-0.8 um in diameter. Based on the sequence
andyssand morphologicd observation, strain 108 was
identified as S. saprophyticus.

Quorumsenang sgnaingmoleculesareusudly dif-
ferent in Gram negative and Gram positive bacteria.
Gram negative bacteria commonly use N-acyl
homoserinelactones (AHLs) assignaling molecul es,
whilegram positivebacteriagenerally usng modified
oligopeptide as autoinducers, which is called
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autoinduced peptides (AlPs)!Y. Somegram negative
bacteriabe onging to different specieshave been found
exhibiting AHL reevant QS| activity, most commonly
in Vibrio and Pseudomonas group™™. In this study,
theactivebacteriumwasidentified as S saprophyticus,
which was agram positive bacterium. Ribeiro et a.
(2002) found that some amino acids produced by S.
saprophyticuscould inhibit RNAIII synthesisand then
interferewith quorum sensing RNAI I -dependent ex-
pression of virulence of S aureus. In this study, S
saprophyticuswasthefist timeto bereported for their
anti-quorum sens ng activity against Gram negetivebac-
teria. Theresultsindicated that Gram positive bacteria
may a so produceAHL relevant quorum sensing inhibi-
tiveor inductivethat affect thequorum sensing system
in Gram negetive bacteria. Some studiesa so suggested
that Bacillus species could secrete lactonase to de-
grade Gram negetive quorum sensing chemica sby hy-
drolysingthe AHL ring. In contrast, Evertsreported
that P. aeruginosa could produce an AHL autoinducer
and later degradeinto tetramic acid tokill gram posi-
tivecompetitord”. Quorum sensing communicationsnot
only exis within G- or G+ bacteria, but asoexist anong
the bacteriaof thesetwo groups.

0. sEpopiyacus ATCC 10305

Figure?2: Phylogenetictreebased on its16Sr DNA sequences
(a) and scanning electr on micr oscope photograph of strain
108 (b)

Optimization of culturetemperatureand pH

Strain S saprophyticus 108 could grow well inall
tested temperature (15 to 35°C). The highest growth
wasfoundin20°C and the OD,,, of the bacterial cul-

turereached 0.751 after 36 h cultivation (Figure 3a).
Although strain 108 grew well at 15°C, the quantity of
theextract from this culturewas much lower than that
of other treatment. In addition, amost no pigment in-
hibitive activity wasfoundin thetreatment cultured at
15°C at the test concentration of 500 pg/mL. Strain
108 could produce more metabolitesin higher tempera
ture, and thehighest production (9.4 mg/100 mL) was
foundat 25°C (TABLE 1). The pigment inhibitive ac-
tivity of the 25°C extract at the concentration of 500
pug/mL wasalso the strongest and theinhibition rate
wasabout 28.9 % (Figure3a). Theoptima culturetem-
perature of the bacteriumwasat 25°C.

Bacterium S saprophyticus 108 grew well at the
pH of 5.0—9.0, especially at pH 6.0 and 7.0. Along
with further acidification or dkaization of the culture
condition, the growth of the bacterium decreased
gradually (Figure 3b). More extracts (above 8.0 mg/
100 mL) was acquired from the cultures of pH 6.0
and 7.0 (TABLE 1). Compared to the negative con-
trol in pigment inhibition assay, higher anti-quorum
sensing activities were found in pH 6.0 and 7.0
samples, much lower activitiesweredetected in other
pH samples. Based on theresultsof bacterial growth,
extract amount and the quorum sensing inhibitive ac-
tivity, theoptimal culture pH of bacterium 108 wasat
7.0 (Figure 3b).

TABLE 1: Dry weight of extractsfrom each bacterial culture
(100 mL ) at different temperatureand pH

Temperature. W eight of W eight of
(°C) Extract (mg) extract (mg)
15 1.3+£0.26 5 5.6+0.71
20 8.7+0.83 6 8.0+0.59
25 9.4+0.60 7 8.2+1.21
30 6.5+0.75 8 6.8+0.65
35 7.1+0.66 9 3.0+0.75
: w
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Figure3: Theeffect of temperature (a) and pH (b) on the

growth and activity of the bacterium Staphylococcus
saprophyticus 108
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Optimization of medium components

With theincreasing of peptone content, the OD
vaueandtheextractsyield of thebacterid culturesin-
creased gradually (Figure44a). Low concentration of
peptoneinhibited the production of bacteria second-
ary metabolites. Less than 2.5 mg extracts was ob-
tained from0g/L and 2 g/L peptonetreatments(TABLE
2). Theresultsof pigment inhibitive assay showed that
al of the peptonetreatmentscouldinhibit theviolet pig-
ment production of thereporter strain. Thehighestin-
hibitive activity wasfound in thetreatment containing
15 g/L of peptone, with theinhibition rate of 30.3%.
Thetreatment containing 5 g/L of peptoned so showed
higher activity, with theinhibition rateof 27.7% (Figure
43). Therefore, the best peptone content in the culture
mediumwas15g/L.

Withtheincreasing of yeast extractscontent fromO
gL to8g/L,theOD_, vaueof thebacterial cultures
largely increased from 0.4 to 1.2 (Figure4b). Although,
theyiedsof extractsin different trestmentsweresmi-
lar (TABLE 2), theinhibitiveactivitiesof different treet-
mentswerequitedifferent. Higher activity wasfoundin
the treatments contai ning higher amount of yeast ex-
tract. Theextract from5g/L yeast extract cultureshowed
thehighest pigment inhibitiveactivity, withtheinhibition
rate of 48.67% compared to the negative control, which
wassignificantly higher than other treatments(Fig. 4b).
Theoptimd yeast extract content inthe culturemedium
was5g/L.

TABLE 2: Dry weight of extractsfrom each bacterial cul-
ture (100 mL) in different medium content

Potne Voo e edran MO e
(mg) (gL) (mg) (mg)

0 2.0+0.68 0 4.2+047 0  3.2+0.56

2 2.6+0.40 1 4.4+0.51 10 2.6+0.35

5 4.8+0.64 3 4.8+0.65 15 3.6+0.67

10 6.6+0.35 5 4.0+0.55 20 4.8+0.48

15 6.8+0.51 8 3.6£0.31 25 4.6+0.52

Theeffect of different yeast extractscontent onthe
growth, metabolites production aswell asthe pigment
inhibitiveactivity of S saprophyticus 108 wasthemost
important. Yeast extract content was a so found impor-
tant in the bi oactive compounds production of other
Saphylococcus species. Ghribi et al.[¥ reported that

—————— FyLL PAPER

thelipaseproductionin S xylosuswasgreatly varied
under different concentrationsof yeast extract and 6 ¢/
L yeast extract in culture medium mostly favored the
lipase production. High concentration of organic nitro-
gen source (both peptone and yeast extract) favored
the growth of S. saprophyticus 108, while moderate
nitrogen concentration favored active metabolites
podcution, whichwassimilar to many other studies®.
Many quickly metabolized carbon or nitrogen subsirates
sustaining maximum cell growth ratescaninhibit sec-
ondary metabolite production.

1 Activly a
U] —e— Growh F— X

3 Acihvity
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] 1 3 5§ g
Yeast extract concentration (g/L)

Figure4: Theeffect of peptone(a) and yeast extract (b) content
on thegrowth and activity of thebacterium S. saprophyticus
108.
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Comparison of thebioactivity of bacterial extracts
beforeand after the optimization

To compare the bioactivity of bacterial extracts
before and after the optimization, we cultured the bac-
terium S saprophyticus 108 under the origina fermen-
tation condition and optimized condition, and then mee-
sured theweight aswell asthe anti-quorum sensing
activity of bacterial extracts. It wasfound that both ex-
tractsshowed the higher anti-quorum sensing activity in
the concentrationsof 500 ug/mL. Theinhibition rate of
bacterid culturesafter optimizationwassgnificantly in-
creased from 35.8% to 50.2%, compared to the bac-
terid culturesbeforeoptimization. In addition, theyield
of extract after optimization (91.1 mg/L) wasabout 1.5
timeshigher than that of theorigind extracts (56.6 mg/
L).

Compound isolation and identification

S saprophyticus 108 was mass cultured for 45 L
under optimized condition. Intotal, 2.9 g of crude ex-
tracts had been obtained from bacterial cultures by
EtOAcc extraction. After partition with Hexane, DCM,
threefractionswere obtained. Theweight of Hexane
fraction, DCM fraction and MeOH/H_Ofractionwere
0.56 g, 1.38 g and 0.96 g, respectively. Only DCM
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fraction showed higher quorum senanginhibitiveactiv-
ity, with theinhibition rate of 26.3% at the concentra-
tion of 250 ug/mL. DCM fraction wereisolated using
reduce pressure OD S column chromatography eluted
withH,O/MeOH from 90:10 (1), 80:20(11), 60:40 (I11),
40:60 (1V), 5:95 (V) to 0:100 (VI). The anti-quorum
sensing activity of each subfractionsweretested by disc
diffusion assay, and it wasfound that at the concentra-
tion of 250 ug/mL, subfraction| (30 mg), 11 (150 mg),
[11 (290 mg) and 1V (320 mg) showed strong activity
withtheviolaceininhibition zoneof 16 mm, 14 mm, 11
mm and 20 mm in diameter, respectively. No activity
was detected in subfraction V (510 mg) and V1 (80
mg). Theresultsindicated that the active substances
wereinsubfraction| to 1V, especially insubfraction 1.
Subfraction 1V was subjected to run GC-MS. Sev-
eral peakshad been detected in the GC spectrum from
theretention of 13.29 minto 15.49 min. Among them,
one peak with the retention time of 13.38 min have
been deduce ascyclo (Pro-Leu), based on theresults
of library searchusingitsM Sdata, with the possibility
of 79.49%. The anti-quorum sensing activity of pure
cyclo (Pro-Leu), which was stored in our laboratory
compound stock, had been further tested by using disc
diffusion assay. Theresult showed that cyclo (pro-Leu)
weakly inhibited the violacein production of C.
violaceumwith theinhibition zoneof 20 mmindiam-
eter at the concentration of 250 pg/disc.
Sincethefirst report in 1924, alarge number of
bi oactive diketopiperazineswas discovered spanning
activities as antitumor, antiviral, antimicrobial,
antihyperglycemic or glycosidase inhibitor agents.
Diketopiperazines, such ascyclo (I-Pro-I-Tyr), cyclo
(I-Phe-1-Pro), cyclo (I-Pro- I-Val), were a so reported
to modulate L uxR-mediated quorum-sensing systems
of bacteria, and they are considered to influence cell-
cdl sgnding offering dternativewaysof biofilm control
by interfering with microbia communication. Inthis
study, weidentified another anti-quorum sensing diketo-
piperazines, cyclo (Pro-Leu), from active subfraction
IV by GC-MS analysis. Cyclo (Pro-Leu) had been
reported for theinhibitiveactivity againgt thelarva settle-
ment of marinefouling organism Balanusreticulatus,
and Pinctadamartens by Liuet a.*3. Theantifouling
activity of thisdiketopiperazine may bepartially con-
tributed by itsanti-quorum sensing activity. However,
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theanti-quorum sensing activity of purecyclo (Pro-Leu)
wasfound muchlower thanthat of subfraction V. The
highly activity of subfraction 1V might dueto the syn-
ergy effect among cyclo (Pro-Leu) and other com-
poundsexistedin subfraction V. Thereshould also be
other active substancesinthe subfraction IV which had
not been identified yet. Cyclo (Pro-Leu) isasafeand
non-toxic natura organic compound with remarkable
antifouling activity and moderate anti-quorum sensing
activity. Thiscompound hasal so been foundin many
microbia secondary metabolitesandisreatively easy
to belarge acquired by synthetic technol ogy. It isbe-
lieved that thiscompound should have potential appli-
cationinbiofouling controls. The producer of thiscom-
pound, S saprophyticus 108, might al so have poten-
tid gpplicationinquorum sensinginhibition.
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