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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 (C-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-biofilmy system
with using of «Nunclony 48-well plates. Di- and monorhamnolipids separation was
conducted by TLC methods on Alugram Sil G /UV 254 TLC plates. Di- and monorham-
nolipids 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-oxo-C, -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 uM caused increasing of the biosurfactants biosynthesis in 3.4 and 4.1 times.
In presence of PQS in 40-80 uM 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 uM 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 uM and 2,4:1 at the concentration of
10 uM N-butiryl-homoserinlacton. Conclusions. PQOS greatly increased dirhamno-
lipids biosynthesis, especially Rha-Rha-C,-C, . At POS concentration of 40, 60 and
80 uM Rha-Rha-C,-C, /Rha-C,-C, ratio 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.
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Pseudomonas aeruginosa rhamnolipids have a wide spectra of biologi-
cal 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. aerugi-
nosa 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 pB-hydroxydodecanoyl-p-
hydroxydodecanoat (C,-C ). Dirhamnolipids are more soluble in water and
posses the highest emulsifying activity [8].

[t 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-oxo0-C ,-HSL), N-butiryl-homoserinlacton (C,-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 re-
moval. After centrifugation a chloroform layer was taken took away and
evaporated. Residue was diluted at 100 uM 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 concen-
trations 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 (S,-) were calculated.
Reliability of differences was determined by Student’s criterion at a signifi-
cance level of not less than 95% (p<0.05). All mathematics calculations
were performed using the computer program Excel [1].

Results and discussions

[t was shown that rhamnolipids total content in control cultures were
3.7520.28 pg /ml. The results showed that exogenous 3-oxo-C,,-HSL exhi-
bited no effects on rhamnolipids biosynthesis (fig. 1). At the same time in
presence of the two others autoinducers: C,-HSL and PQS, rhamnolipids
content increases. C-HSL at concentrations of 5 and 10 uM caused increase
of the biosurfactants biosynthesis in 3.4 and 4.1 times.

3-ox0-Cya-HSL C4-HSL POS

800

500
s00 |
s00 1

o

00
= l -
a
0
5 10

Control

% from control

5 10 40 &0 BO

Concentration, puM

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 in-
creasing 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 concentra-
tion, 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 C,-HSL and PQS increase Rha-
Rha-C,-C; and Rha-C -C  level. C,-HSL used in 5 pM 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
rhamosyltransierase 2 activation, that catalyze dirhamnolipids biosynthesis
from monorhamnolipids.

Based on the results shown in Table there were calculated dirhamno-
lipid /monoramnolipid ratio. After 24 hours of incubation this ratio was
2.2:1. In presence of C-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-C,-C .
At PQS concentration 40, 60 and 80 uM Rha-Rha-C -C | /Rha-ClO-Cloratios
were 3:1, 3.6:1 and 4.5:1, respectively.

Table

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

Dirhamnolipid,

Monorhamnolipid,

Variant mg /ml mg /ml
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 uM 1.94 + 0,18 1.03 = 0.09
C4-HSL 5 pM 6.98 + 0.47* 3.49 + 0.24*
C4-HSL 10 pM 8.93 + 0.73* 3.72 + 0.41%
PQS 40 uM 4.38 + 0.36% 1.46 + 0.15*
PQS 60 uM 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 emulsifying activity in presence of

the various PQS concentrations are shown on Fig. 2.
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Fig. 2. Eifect 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 uM PQS; 8 — culture
supernatant and 80 uM 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 uM 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 — C,-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 rh/C, 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 CHUHTE3 PAMHOJIIIAIB PSEUDOMONAS AERUGINOSA

Pedepar

MeTtoro nanoi po6otu Oyna ouiHKa BIJIKUBY ayToiHAYKTOpPiB QS
Pseudomonas aeruginosa — N-(3-0KC0-101eKaHOI)TOMOCEPHUHIAKTOHY
(3-okco-C ,-AlJI), N-6yTtupun-romocepunnakrony (C,-AIJI), u 2-rentus-
3-rinpokcu-4-xinonony (PQS) Ha cuHTe3 OU- i MOHOPAMHOJIMIAIB IITaMOM
P. aeruginosa ATCC 15692. Meroaun. Pseudomonas aeruginosa ATCC
15692 kyabTUBYBanu Ha cepenosuili ['uca ¢ 2% rmokosu npu 37 °C 24 roju-
Hu. Jloc/tii>KeHHsI TPOBOIU/IM B CUCTEMI MJTAHKTOH—Oi0TI1iBKa B 48-TyHKOBHX
MOJIICTUPOJIOBUX TJIOCKOMOHHUX TiaHuietax «Nunclon». Poapinenns ou- i
MOHOpPaMHOJIINiiB 3aificHIoBamM 3a nonomoroto TIIX na niacturkax Alugram
Sil G /UV 254. lu- i MOHOpPaMHOJIIMNIAY PO3MIILHO eJI0I0BaMM 3 MIACTHHOK
i BU3HaAua/IM iX BMicT B opuuMHOBOMY TecTi. CriBBifHOIIEHHS AMpPaMHOJINiL /
MOHOPaMHOJIiMi PO3paxoByBaJ/H, MpuilMaroud 3a | OAMHHUIIO BMICT MOHO-
pamHoJinina. ¥ po6oTi Oy/aM BUKOPUCTAHI ayTOIHAYKTOPU quorum sensing
P. aeruginosa: romocepuniaktonu (Sigma Aldrich) u 2-rentun-3-rigpokcu-4-
XiHOJIOH, CUHTe30BaHU# y bBioTeXHOJIOriUHOMY HayKOBO-HAaBUAJbHOMY LIEHTPi
OHY imeni LI. Meunukosa. Pesyabratu. Eksorennui 3-oxco-C,-AlJI me
BIJIMBA€ HA CHHTE3 PaMHOJIMNiAIB. B mpUCyTHOCTI ABOX iHIIMX ayTOiHAYKTO-
pie: C-AI/I u PQS, BmicT pamuodsiniais cyrreso 36inbmyerscs. C-AlJI y
KoHLeHTpauisfx 5 i 10 MKM BHK/IHKAB MiABUILIEHHS CHHTE3Y OiocypdakTaHTiB
P. aeruginosa B 3,4 i 4,1 pasu, BignosinHo. B mpucytHocti PQS B mianasoni
koHueHTpauiit 40-80 MkM criocTepiranocsi mponopuiiiHe MiNBUIIEHHS CHHTE3Y
paMHOJIIMiiB. Ix piBenb 3pocraB B 1,9; 3,3 i 5,2 pasu npu 40, 60 u 80 MmxM
CUTHAJIBHOTO XiHOJIOHY, BiANoBiAHO. KpiM OLIiHKH 3arasbHOr0 BMiCTYy paMHOJIii-
NiB Yy JOCJ/IiIHUX 3pa3Kax BU3HAYAJIU CITiBBiIHOLIEHHS IU- U MOHOPAMHOJIIMIIiB.
Uepes 1oy y KOHTPOJII 1le CIiBBiAHOIIEHHS] CTAaHOBHUJIO 2,2:1. 32 mpUCyTHOCTI
C,-AI'JI Bono Mmaitxke He 3MiHIOBasoCs i fopiBHIOBaNO 2:1 TpH KOHLEHTpaUii
aytoinaykropa 5 MkM Ta 2,4:1 npu 10 MmkM N-6yTHpPUI-TOMOCEPUHIAKTOHY.
CurHaabHUH XiHOJIOH CYTTEBO MiABHUILLYBaB CHHTE3 TUPAMHOJIMIAIB i, mepi 3a
Bce, Rha-Rha-C -C, . 3a konuentpauiit PQS 40, 60 i 80 mkM criBBinHOILIEHHS
Rha-Rha-C -C,, /Rha-C,-C,, cranosuio 3:1, 3,6:1 u 4,5:1, Binnosinxo. ITo-
Ka3aHo, L0 CyNMepHaTaHTH KyJAbTYp 3 MiABHUILEHUM BMiCTOM AUPaMHOJIMIiIiB
MaTb Oi/JblI BUCOKY €MYyJIbI'YBa/lbHY aKTHBHICTb.

KnwouoBi cnoBa: Pseudomonas aeruginosa, ii- © MOHOPaAMHOJIiMioH,
ayTOIHAYKTOPHU quorum sensing.
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BJIUSAHHUE 9K3OTNEHHbIX AYTOUHAYKTOPOB QUORUM
SENSING HA CUHTE3 PAMHOJIUIIUAOB PSEUDOMONAS
AERUGINOSA

Pedepar

Lleabto nanHO# paboThl Hbla OLEHKA BAUSHUS 9K30TE€HHBIX ayTOMHIYKTO-
poB QS Pseudomonas aeruginosa — N-(3-0Kc0-101€KaHOUT)rOMOCEPHHIAKTO-
Ha (3-oxco-C,,-Al'JI), N-6yTupus-romocepunnaxkrona (C,-AlJI), u 2-rentu.-3-
rupokcu-4-xuHosona (PQS) Ha cuHTe3 oH- 1 MOHOPAMHOJIUIIUIOB ILITAMMOM
P. aeruginosa ATCC 15692. Metoabl. Pseudomonas aeruginosa ATCC
15692 xynbTuBuMpoBany Ha cpene I'mcca ¢ 2% raokossl npu 37 °C 24 yaca.
HccnenoBanust MpoBOAKIN B CHCTEME MJIAHKTOH—OMOMJIEHKA B 48-TyHOUHBIX
MOJIMCTUPOJIOBBIX MJIOCKOAOHHBIX MiaHlleTax «Nunclon». Pasnenenue nu- u
MOHOPaMHOJIMITHIOB TpoBoauH ¢ oMolibio TCX Ha muactunkax Alugram Sil
G /UV 254. JTy- 1 MOHOPAMHOJHMIH/LI Pa3iebHO 3JM0UPOBAJHU C MIACTHHOK U
OTpeNeNsiNu X KOJMYeCTBEHHOE COleprKaHNe C TIOMOLIbI0 OPLIMHOBOTO TECTA.
COOTHOILIEHHEe NHPAMHOJIUIN, /MOHOPAMHOJIUIN/ PACCUMTHIBAIU, TPHHUMAS
3 1 enuHNLy comeprKaHHe MOHOpaMHOJHUNUIA. B paGote GBI HCTIONB30BaHBI
ayTOMHAYKTOPBI quorum sensing P. aeruginosa: roMocepuHNaKTOHbI (Sigma
Aldrich) u 2-rentus-3-runpokcu-4-XxuHONOH, CHHTE3UPOBAHHBIH B bBuoTex-
HOJIorHueckoM HayuyHo-yue6HoM ueHTpe OHY umenn M.M. Meunuxkosa.
Pesyabratbl. Dx3orennsiii 3-0kco-C,,-Al'JI He B/MsA€T Ha CHHTE3 PaMHOJIMIIH-
nos. B npucyretun ayx apyrux ayrounaykrtopos: C,-ATJI u PQS, conep-
»KaHWe PaMHOJIMIKMAOB 3HauuTe bHO BospacTaeT. C,-AlJ] B KoHueHTpauusx 5
1 10 MmkM BBI3bIBaJ MOBBIILIEHHE CHHTe3a 6UOCYp(PaKTaHTOB P. aeruginosa B
3,4 u 4,1 pasa, coorBeTcTBeHHO. B npucyrcrBun PQS B nuanaszoHe KOHLEH-
tpauni 40—80 MkM Hab/0aa/0Ch MPOTOPIHOHATBHOE YBeJIHUeHne CHHTEe3a
pamuosunuaoB. Mx ypoBenb Bospactan B 1,9; 3,3 u 5,2 pasza npu 40, 60 u
80 MKM curHa/sbHOTO XUHOJIOHA, COOTBeTCTBeHHO. Kpome olieHku obiiero
COleprKaHHUsl PAMHOJIMITHIOB B HCCJEAYyEMbIX TPOOAX ONpeiessiid COOTHOLIIe-
HUU M- © MOHOPAMHOJIMNHKAOB. Hepe3 CyTKH B KOHTPOJIE 3TO COOTHOLLIEHHE
pasHsiioch 2,2:1. B npucyrersun C,-AT'JI 0HO MOUTH He MEHAJNOCH U COCTaB-
Js110 2:1 Tpu KOHUEHTpalMu ayTouHAyKTopa 5 MKM u 2,4:1 B npucyTcTBUU
10 MxM N-6yTupus-romocepuHnakToHa. CUrHaAbHbIH XMHOJIOH 3HAYUTEIbHO
yBEeJIMUMBaJ CHHTE3 NMPAMHOJUMMAOB M, npexpue bBcero, Rha-Rha-C -C .
[Tpu xonuentpamusa PQS 40, 60 u 80 mkM coornowenune Rha-Rha-C -C | /
Rha-C -C,, cocraBnsano 3:1, 3,6:1 u 4,5:1, coorsercrsenno. [lokasano, uto
CyNepHaTaHThl KyJbTYpP C MOBBILIEHHBIM COAEPKAHUEM TUPAMHOJHUIUIOB 00-
JanawT 6oJsee BBICOKOH 3MYJbIHPYIOLIEH aKTHBHOCTBIO.

KnwoueBbie caoBa: Pseudomonas aeruginosa, ii- 1 MOHOPAMHOJIUTIH/IBL,
AYTOUHAYKTOPBL quorum sensing.
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