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INFLUENCE OF THE EXOGENOUS QUORUM
SENSING AUTOINDUCERS ON PSEUDOMONAS
AERUGINOSA RHAMNOLIPIDS BIOSYNTHESIS

The aim of this investigation was to discover the effect of Pseudomonas aeruginosa exogenic
QS autoinducers: N-(3-oxo-dodecanoyl)homoserinlacton (3-oxo-C,,-HSL), N-butiryl-homoserinlacton
(C4-HSL), and 2-heptyl-3-hydroxy-4-quinolon (PQS) on P. aeruginosa ATCC 15692 mono- and di-
rhamnolipids biosynthesis. Methods. Pseudomonas aeruginosa ATCC 15692 were cultured on Giss
medium with 2% glucose at 37 °C for 24 h. The investigations were performed in «plancton-biofilm»
system with using of «Nunclony 48-well plates. Di- and monorhamnolipids separation was conducted
by TLC methods onAlugram Sil G/UV254 TLC plates. Di- and monorhamnolipids were eluted
separately and their content was determined by the orcinic test. Dirhamnolipids /monorhamnolipids
ratio was calculated taking a monorhamnolipids content as 1 unit. There were used in this work
homoserinlactones (Sigma Aldrich) and 2-heptyl-3-hydroxy-4-quinolon synthesized in ONU
Biotechnological scientific- educational center. Results. It was determined that exogenous 3-0x0-Cy,-
HSL showed no effects on rhamnolipids biosynthesis. In presence of the two others autoinducers: C,-
HSL and PQS, rhamnolipids content increases. C,-HSL at the concentrations of 5 and 10 A/ caused
increasing of the biosurfactants biosynthesis in 3.4 and 4.1 times.

In presence of PQS in 40-80 yM concentration range a proportional increase in the synthesis
was observed. Its level increased in 1.9; 3.3 and 5.2 times in presence of 40, 60 and 80 yM signaling
quinolon concentration respectively. After 24 hours of incubation di- and monorhamnolipids ratio
was 2,2:1. In presence of C-HSL it was 2:1 at the concentration of this autoinducer 5 yM and 2,4:1 at
the concentration of 10 yM N-butiryl-homoserinlacton. Conclusions. PQS greatly increased
dirhamnolipids biosynthesis, especially Rha-Rha-Ci;-Ciq. At PQS concentration of40, 60 and 80
yMRha-Rha-Cj;-Cig/Rha-Cig-Cigratio was 3:1, 3,6:1 and 4,5:1, respectively. It was shown that
supernatants of bacterial cultures, contained increased amounts of dirhamnolipids, showed the
highest emulsifying activity.

Key words: Pseudomonas aeruginosa, di- and monorhamnolids, autoinducers,
quorum sensing.
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Pseudomonas aeruginosa rhamnolipids have a wide spectra of biological activity,
especially antimicrobial and antitumor mode of action [9, 10]. Due to their high emulsifying
capacity they can be used in bioremediation of the polluted soil [7] and for oil recovery
enhancement [12]. P. aeruginosa biosurfactants are the rhamnolipids mixture with different
molecular structure that mainly consists of di- and monorhamnolipids, contained two fatty acid
residues in their structure, mostly p-hydroxydodecanoyl-p- hydroxydodecanoat (Cio-Cio).
Dirhamnolipids are more soluble in water and posses the highest emulsifying activity [8].

It has been previously shown that in presence of the exogenous signal quinolon (PQS) —
P. aeruginosa quorum sensing autoinducer, rhamnolipids biosynthesis increases [2]. In this
connection it is interesting to ascertain the effect of other signal molecules, especially,
homoserinlactons on this process, common rhamnolipids content and dirhamnolipids
/monorhalipids ratio.

The aim of this work was to evaluate the effect of Pseudomonas aeruginosa exogenic QS
autoinducers:  N-(3-oxo-dodecanoyl)homoserin-  lacton  (3-0x0-Cy,-HSL),  N-butiryl-
homoserinlacton (C4-HSL), and 2-heptyl- 3-hydroxy-4-quinolon (PQS) on P. aeruginosa ATCC
15692 mono- and di-rhamnolipids biosynthesis.

The investigations were performed in «plancton-biofilm» system with using of the
«Nunclon» 48-well plates. P. aeruginosa ATCC 15692 overnight cultures diluted with sterile
saline buffer were added in the plate wells, containing 1 ml of Giss media to final cell
concentration equal 10° CFU. The plates were incubated for 24 h at 37 °C. Rhamnolipids
extraction and detection methods have been described earlier [2].

Rhamnolipids separation was performed with TLC method on Alugram Sil G /UV 254
TLC plates (Germany) in chlorophorm-methanol-water (65:12:2) mixture [11]. Rhamnolipids
spots placement was determined by color reaction with rhamnose and acetic acid— sulphuric
acid—anis aldehyde solution (50:1:0.05) and color reaction with fatty acid and 10% phospho-
molybdic acid—ethanol. In both cases TLC plates treated with the specific reagents were heated
at 80 °C till pink-orange or blue staining appearance, in the first and second cases, respectively.

Di- and monorhamnolipids were eluted separately with chlorophorm. The samples were
centrifuged at 1500 g for 30 minutes for silica-gel removal. After centrifugation a chloroform
layer was taken took away and evaporated. Residue was diluted at 100 M of methanol and
rhamnolipids concentration was determined using orcinol-assay [5]. Dirhamnolipids /
monorhamnolipids ratio was calculated taking a monorhamnolipids content as 1 unit.

Culture supernatants emulsifying activity was determined using method [6]. 5 ml of
supernatants and vegetable oil were placed in graduated tubes
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of 1 cm in diameter. The samples were shaken vigorously for 5 minutes to obtain
homogeneous emulsion and incubated at room temperature for 24 hours. After incubation the
height of the column of the emulsion and its density were measured.

There were used in this work homoserinlactones (Sigma Aldrich) and 2-heptyl-3-
hydroxy-4-quinolon synthesized in ONU Biotechnological scientific-educational center.
Homoserinlactons were used at the concentrations of 5 and 10 uM, PQS — 40, 60 and 80 uM.
The data concerning a physiological concentration of autoinducers were used while concentra-
tions choosing.

All the experiments were carried out triple with 6 repeats in each case.

Statistical analysis was performed using standard methods of variational analysis.
Average values (X ) and their standard error (Sx-) were calculated. Reliability of differences was
determined by Student’s criterion at a significance level of not less than 95% (p<0.05). All
mathematics calculations were performed using the computer program Excel [1].

Results and discussions

It was shown that rhamnolipids total content in control cultures were 3.75+0.28 g /mi.
The results showed that exogenous 3-0x0-Ci,-HSL exhibited no effects on rhamnolipids
biosynthesis (fig. 1). At the same time in presence of the two others autoinducers: C4,-HSL and
PQS, rhamnolipids content increases. C4,-HSL at concentrations of 5 and 10 uM caused increase
of the biosurfactants biosynthesis in 3.4 and 4.1 times.

3-0x0-C;3-HSL Ca-HSL Pas

% from control

I
L 4
o

Control 5 10

5 10 40 60 80

Concentration, uM
Fig. 1. Rhamnolipids biosynthesis in presence of Pseudomonas aeruginosa

quorum sensing autoinducers

Note: — the differences were significant in comparison with control
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In presence of PQS in 40-80 uM concentration range proportional increasing in the
synthesis was observed. Its level increased in 1.9; 3.3 and 5.2 times in presence of 40, 60 and 80
uM signaling quinolon concentration, respectively.

In addition to assessing the total rhamnolipids content, there were discovered di- and
monorhamnolipids content in test samples separately (table). The obtained results show that Cy4-
HSL and PQS increase Rha- Rha-Ci-Ci9 and Rha-C1o-Cyio level. C4,-HSL used in 5 uM
concentration lead to proportional increase of the both rhamnolipids forms. In presence of 10 uM
of this autoinducer dirhamnolipid concentration was in 4,6 times and monorhamnolipides in 3,7
times higher compare the control. PQS in all concentrations led to increase of dirhamnolipid
level in 4,6-6,8 times. Monorhamnolipd level increased in 1.5-3 times. Presumably, PQS lead to
rhamosyltransferase 2 activation, that catalyze dirhamnolipids biosynthesis from
monorhamnolipids.

Based on the results shown in Table there were calculated dirhamnolipid
/monoramnolipid ratio. After 24 hours of incubation this ratio was 2.2:1. In presence of C4-HSL
it was 2:1 in concentration of this autoinducer 5 uM and 2.4:1 in concentration 10 uM N-butiryl-
homoserinlacton. PQS greatly increased dirhamnolipids biosynthesis, especially Rha-Rha-Cj,-
Cio. At PQS concentration 40, 60 and 80 uM Rha-Rha-Co-Ci0/Rha-Cy9-Cyoratios were 3:1, 3.6:1
and 4.5:1, respectively.

lable

P. aeruginosa quorum sensing autoinducers action on di-
and monorhamnolipids content

Vaitaist Dirl::;l;l::lllipid, Mono'r]?gal}ll:(l)lipid,

Control 1.92 = 0.15 0.96 = 0.11
3-0x0-C12-HSL 5 pM 1.85 = 0.20 0.97 = 0.14
3-0x0-C12-HSL 10 pM 1.94 = 0,18 1.03 = 0.09
C4-HSL 5 pM 6.98 + 0.47* 349 = 0.24*
C4-HSL 10 pM 8.93 + 0.73* 3.72+041*
PQS 40 pM 4.38 + 0.36* 1.46 + 0.15%
PQS 60 pM 7.96 = 0.67* 221 +=0.17*
PQS 80 uM 13.10 == 0.89* 291 + 025*
Note: * — distinctions are reliable as compared to control

P. aeruginosa culture supernatants emulsilying activity in presence of
the various PQS concentrations are shown on Fig. 2.
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Fig. 2. Effect of PQS on the emulsifying activity of daily culture supernatant
of P. aeruginosa

Note: 1 — medium control; 2 — supernatant of control culture; 3 — medium and
Tween 20; 4 — medium and Tween 60; 5 — medium and Tween 80; 6 — culture
supernatant and 40 pM PQS; 7 — culture supernatant and 60 pM PQS; 8 — culture
supernatant and 80 pM PQS

After 24 hours of incubation emulsifying layer height was about a half from total oil
column. Supernatants of cultures that grew in presence of PQS completely emulsified all oil in
the sample. By emulsifying ability they did not concede standard emulsifiers such as Tween 20
and Tween 80. Su-pernatant of test-strain culture grown in presence of PQS in concentration 80
M exceeded the variant with Tween 80 in emulsion density. It was interesting that increased
content of rhamnolipids provided high emulsion stability. After 72 h emulsifying layer height in
control culture decreased to 1 cm, but in the test samples emulsifying layer height was 4—4.5
cm.

Thus, there were shown in the research that two P. aeruginosa quorum sensing
autoinducers — C4-HSL and PQS could stimulate biosurfactants biosynthesis added in culture
medium together with bacterial cells. Signaling quinolon enriches the rhamnolipids mixture with
dirhamnose form. Dirham- nolipid part increasing leads to increase of the emulsifying activity.

The obtained results allow to advance the hypothesis that signal quinolon can posses
activation of rhamnosyltranspherase 2 due to rhiC, expression enhancement. Moreover the
possibility that PQS can directly activate rhamnosyltranspherase 2 is not excluded.
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BIIVIMB EK3OI'EHHUX AYTOIHAYKTOPIB QUORUM SENSING
HA CUHTE3 PAMHOJIIIAIB PSEUDOMONAS AERUGINOSA

Pedepar

Metoro naHoi pobotu Oynaa orfiHka BIUMBY aytoinayktopiB QS Pseudomonas
aeruginosa — N(3-okco-moaekanoin)romocepuriiaktony  (3-okco-Cip-AI'JI), N-OyTupmi-
romoceprniaakTony (C4-AIJI), u 2-rentui- 3-rigpokcu-4-xinoiony (PQS) na cuuTes au- i
MoHopaMHoimiaiB mramom P. aeruginosa ATCC 15692. Meroau. Pseudomonas aeruginosa
ATCC 15692 xynpTuByBasid Ha cepemoBuili I'mca ¢ 2% rmoko3u npu 37°C 24 rogunu.
JlocmipKeHHST TIPOBOAMIIM B CHCTEMi IJIAHKTOH—O10IUTiBKa B 48-TyHKOBUX MOJICTUPOIOBUX
IUIOCKOMOHHUX IutaHizeTax «Nunclony. Po3minenHs au- i MOHOpAMHOJMIMIAIB 3AiMCHIOBAIM 32
nonomororo THIX na miactuakax Alugram Sil G /UV 254. [lu- i MOHOpaMHOJIIIIAN PO3ALUTEHO
eNIOI0BAIM 3 IUIACTUHOK 1 BHU3HAYaIM iX BMICT B OpIUHOBOMY TecTi. CHiBBiJHOLICHHS
JTUPAMHOIIMI / MOHOPAaMHOJIIIJT pO3paxOBYBadd, MpUHAMArO4Md 3a | OAMHUINIO BMICT MOHO-
pamHofimiga. Y pobotri Oyiu BHKOPHCTaHI ayTOIHAYKTOpW quorum sensing P. aeruginosa:
romocepuriakronn (Sigma Aldrich) u 2-rentun-3-rigpokcu-4- XiHOJNIOH, CHHTE30BaHHN Yy
biotexHonoriunoMy HaykoBo-HaB4aibHOMY 1IeHTpi OHY imeni L.I. Meunukosa. PesyabTarTm.
Ex3orennnii 3-okco-Cio-Al'Jl He BIuiMBae Ha CUHTE3 paMHOMIMIAIB. B MpUCYyTHOCTI ABOX 1HIIMX
aytoinaykropi: Cs-AI'JT u PQS, BMmicT pamHomimiaiB cyrreBo 30imbiryerses. Ca-AlJT y
KOHIIeHTpamisaXx 5 1 10 MKM BHKJIMKaB MiABUINEHHS CUHTE3y OiocypdakrtanTie P. aeruginosa B
34 1 4,1 pasu, BignosigHo. B mpucyrnocti PQS B niamazoni konmentpamiii 40-80 mxM
criocTepiraiocs MporopiiifHe MiIBULICHHS CUHTE3y PaMHOJINIAIB. X piBeHb 3pocTas B 1,9; 3,3 1
5,2 pa3u npu 40, 60 u 80 MKM CHrHaJILHOTO XiHOJIOHY, BIAMOBIAHO. KpiM OIIHKHM 3arajabHOrO
BMICTY paMHOJIMIAIB y JOCHIJHHUX 3pa3kaX BHU3HAUaJIM  CHIBBIIHOUIEHHA JU- H©
MOHOpaMHOIIMmiAiB. Yepe3 n00y y KOHTpoOJi 1€ CHIBBIAHOIIEHHS cTaHoBwio 2,2:1. 3a
npucyTHocTi C4-Al'JI BoHO Maiike He 3MIHIOBAJNOCS 1 JIOpiBHIOBaNO 2:1 mpu KOHIEHTparii
aytoingykropa 5 MM T1a 2.4:1 npu 10 mxkM N-Gytupun-romocepuniakTony. CHUrHaIbHUNA
XIHOJIOH CYTTEBO IMiJBHINYBaB CHHTE3 MUPaMHOJIMIAIB i, mepmr 3a Bce, Rha-Rha-Cy-Cyp. 3a
konmnenrpanii PQS 40, 60 i 80 MM crissignomenns Rha-Rha-Cyo-Cio /Rha-Cyo-Cy cTanoBm10
3:1, 3,6:1 u 4,5:1, BinnosinHo. [TokazaHo, MO CynepHATaHTH KYJAbTYp 3 MiJBUIICHUM BMICTOM
JUPAMHOJIMIIIB MatOTh OUIBII BUCOKY €MYJIbIyBaJIbHY aKTHBHICTD.

KnwouyoBi cmoBa: Pseudomonas aeruginosa, nmi- W MOHOPaMHOJIIII/IH,
ayTOIHIyKTOpH qUOrum sensing.
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BJIMSIHUE ODK30T'EHHBIX AYTOUHAYKTOPOB QUORUM SENSING
HA CUHTE3 PAMHOJIMIIN0B PSEUDOMONAS AERUGINOSA

Pedepar

Heabio naHHONM paboThl ObLIa OLEHKA BIMSHHUS AK30T€HHBIX ayTOMHIYKTOpoB QS
Pseudomonas aeruginosa — !M-(3-0kco-10/1eKaHOHI)FOMOCEPUHIIAKTO- Ha (3-OKCO-Cip-AT'JI),
N-oytupuin-romoceputiiakrona (C4-ATJI), u 2-rentun-3- tuapokcu-4-xunonona (PQS) na
CHHTE3 JW- M MOHOpaMHOJMIUIOB mTammoMm P. aeruginosa ATCC 15692. Mertoasl.
Pseudomonas aeruginosa ATCC 15692 kynsTuBHpOBaiu Ha cpeje I'ucca ¢ 2% riaroko3bl npu 37
°C 24 yaca. MccnenoBaHusi IpOBOAMIN B CUCTEME IIAHKTOH—OMOIUIEHKA B 48-1TyHOUHBIX
MOJMCTHPOJIOBBIX  IUIOCKOAOHHBIX  rwraHmerax  «Nunclon».  Paspgenenme  aum- u
MOHOPaMHOJIMITHI0B MPoBoanIH ¢ moMotsio TCX Ha miactuakax Alugram Sil G /UV 254. Jlu-
Y MOHOPaMHOJIUITUIBI Pa3/IeIbHO IIOUPOBAIU C TUIACTUHOK U OIpPENessUId UX KOJIMYECTBEHHOE
coJiepKaHue C MOMOIIBI0 OPIIMHOBOTO TecTa. COOTHOIICHHE TUPAMHOIIUITH /MOHOPAMHOJIHUITH]]
paccuuThIBaliM, MpUHUMas 3 1 enuHUIly coJep)kaHue MOHopamMHonumnuaa. B pabore Obuin
UCIIOJIb30BaHbl ayTOMHAYKTOPHI (UOrum sensing P. aeruginosa: romMocepuHIakToHbI (Sigma
Aldrich) u 2-rentui-3-ruapoKCcU-4-XHHOIOH, CHHTE3MPOBAHHBI B BHOTEXHOIOTHYECKOM
HayyHo-yueOHOM 1eHTpe OHY umenu M.U. MeunukoBa. Pe3yabraTbl. DK30reHHBINH 3-0KCO-
Ci12-AT'JI He BIUSIET HA CHHTE3 PAMHOJIHIHN- OB. B MpUCYTCTBUU ABYX APYTUX ayTOUHIYKTOPOB:
Cs-ATJT m PQS, conmepxkaHWe pamMHOJIUIHUIOB 3HAUUTENbHO Bo3pactaeT. C4-AlJT B
KOHIIeHTpanusax 5 u 10 MkM BBI3BIBAJI MOBBIIICHHE CHHTE3a OnocypdakranTos P. aeruginosa B
3,4 u 4,1 paza, coorBercTBeHHO. B mpucyrctBun PQS B auama3one kontenTpanuii 40—80 MxM
Ha0JII04a710Ch TPONOPLIMOHATILHOE YBEIMUEHHE CUHTE3a PaMHOIUMNNI0B. VX ypoBeHb Bo3pacTai
B 1,9; 3,3 u 5,2 paza nipu 40, 60 u 80 MkM CcUTHaATBHOTO XWHOJIOHA, COOTBETCTBEHHO. Kpome
OLIEHKU OOLIEero coAep)kaHUsl PAMHOJUIMJIOB B MCCIEAYyeMbIX MpoOax OmpeAessuld COOTHOLIe-
HUM M- 1 MOHOPaMHOJIUITUAOB. Yepes CyTKH B KOHTPOJIE 3TO COOTHOIIEHNE paBHsIoCh 2,2:1. B
npucytcTBUl C4-Al'Jl OHO TOYTH HE MEHSAJIOCh M COCTAaBJsIO 2:1 TpHM KOHILEHTpAlHUU
ayTOMHIyKTOpa 5 MKM u 2,4:1 B IpuCyTCTBUU

10 MKM  N-Oytupun-romocepuriaktoHa. CUTHaIbHBIA XHHOJOH 3HAYUTEIHHO
YBEIMYUBAJ CHHTE3 JUPAMHOJIMITUIOB U, mpexe Bcero, Rha-Rha-Cio-Cio. [Ipu koHIEHTpanms
PQS 40, 60 u 80 mxM coornomenue Rha-Rha-Cq-C1o / Rha-Cyo-Cyg cocraBisno 3:1, 3,6:1 u
4,5:1, coorBercTBeHHO. [loKazaHo, YTO CynepHATAHTHI KYJIBTYp C TOBBIIIEHHBIM COJEpKAHUEM
JTUPaMHOJIAIIAIOB 00Nagar0T 00Jiee BEICOKON IMYIIBTUPYIOIIEH aKTUBHOCTHIO.

Knouersie cmoBa: Pseudomonas aeruginosa, au- ¥ MOHOPaMHOJHITHIBI,
ayTOMHAYKTOPBI qUOrUm sensing.
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