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KINETICS OF DIRHAMNOLIPIDS BIOSYNTHESIS AND
RHAMNOSYLTRANSFERASE 2 ACTIVITY IN THE PRESENCE OF
PSEUDOMONAS AERUGINOSA SIGNAL

QUINOLONE

Aim: Discovery of P. aeruginosa ATCCI15692 dirhamnolipids biosynthesis and
rham- nosyltransferase 2 activity in the presence of Pseudomonas aeruginosa
exogenous quorum sensing signal molecule 2-heptyl-3-hydroxy-4-quinolon (PQOS).
Methods. Pseudomonas aeruginosa ATCC 15692 were cultured in the Giss medium
with 2% glucose at 37 °Cfor 24 h. All the discoveries were performed in «plancton-
biofilm» system with using of the «Nunclony 48-well plates. Dirhamnolipids
separation conducted by TLC methods onAlugram Sil G/UV254 'TLCplates.
Dirhamnolipids were eluted separately and its content was determined by the
orcinol test. Rhamnosyltransferase 2 (RhIC) activity was analysed in P. aeruginosa
cell extracts using a rhamnosyltransferase assay specific for the addition of L-
rhamnose to monorhamnolipid. 2-heptyl-3-hydroxy-4- quinolon synthesized in
ONU Biotechnological scientific-educational center. Resullts.
The synthesis of dirhamnolipids in control culture is activatedfrom the early
stationary phase and the content of the biosurfactants is increasedfivefold up 10 to
24 hour - up 0.83 to 4.3 mg/ml. Addition of increasing concentrations of PQOS did
not affect the growth of P. aeruginosa but increased dirhamnolipids content. After
10 h of growth, there were approximately 4.6 times more biosurfactant in the
cultures supplemented with POS compared with the control. After 24 hours its level
in culture medium was 20.68 mg/ml in the presence of 80 uM PQS and 4.3 mg/ml in
the absence of POS.

The additions of POS at the time of inoculation are sufficient to induce RhIC activity

during the transition to stationary phase. So, after eight hours in the presence of 40,
60 or 80 uMPQS rhamnosyltransferase 2 activity was higher at 40%, 75% and
93%, respectively. After 24 hours this enzymatic activity was 1.6, 1.8 and 2.1 times
higher as compared with the control.

Key words: Pseudomonas aeruginosa, dirhamnolids, PQS, rhamnosyltransferase 2.

Pseudomonas aeruginosa rhamnolipids have a wide spectra of biological activity,
especially antimicrobial and antitumor mode of action [10, 13]. Due to its high emulsifying
capacity they can be used in bioremediation of the polluted soil [8] and for oil recovery
enhancement [15]. P. aeruginosa biosurfactants are the rhamnolipids mixture with different
molecular structure that mainly consists of di- and monorhamnolipids, that have two fatty
acid residues in their structure, mostly

© Mukhlis Abedalabas, M.B. Galkin, E.Yu. Pahomova, T.O. Filipova, 2014

ISSN 2076—0558. Mixpobionoeia i biomesnonozia. 2014. A 1. C. 45—52 —— 45




Myxiaic Aberaaadac, M.b. aymkin, €.10. Iaxomoea, T.0. @iginosa

B-hydroxydodecanoyl-fB -hydroxydodecanoat. Dirhamnolipids are more soluble in water and
posses the highest emulsifying and antitumor activity [9].

We have previously shown that the exogenous signal quinolon (PQS) increased
rhamnolipids biosynthesis and dirhamnolipid/monorhamnolipid ratio, and hypothesized that
it was able to activate rhamnosyltransferase 2 [7].

Three enzymatic reactions are required in the final steps of rhamnolipids biosynthesis
in P. aeruginosa [12]: 1) RhlA is involved in the synthesis of the HAAs, the fatty acid
dimers, from two 3-hydroxyfatty acid precursors; 2) the membrane- bound RhIB
rhamnosyltransferase 1 uses dTDP-L-rhamnose and an HAA molecule as precursors,
yielding monorhamnolipids; 3) these monorhamnolipids are in turn the substrates, together
with dTDP-L-rhamnose, of the RhlC rhamnosyltransferase 2 to produce dirhamnolipids.
Unfortunately, few works have characterized these three enzymes.

The aim of this study was discovering of Pseudomonas aeruginosa ATCC 15692
dirhamnolipids biosynthesis and rhamnosyltransferase 2 activity in presence of the
exogenous quorum sensing signal molecule 2-heptyl-3-hydroxy-4-quinolon (PQS).

Materials and Methods

All investigations were performed in «plancton-biofilm» system with using of the
«Nunclon» 48-well plates. P. aeruginosa ATCC 15692 overnight cultures were diluted with
sterile saline buffer and were added in the plate wells containing 1 ml of Giss media to final
cell concentration equal 10° CFU. The plates were incubated from 2 h to 24 h at 37 °C.
Optical density of cultures (X 540 nm) and dirhamnolipids content were determined each 2
hours during the day.

Rhamnolipids separation was performed with TLC method on Alugram Sil G/UV 254
TLC plates (Germany) in chloroform-methanol-water (65:12:2) mixture [14]. Rhamnolipids
spots placement was determined by color reaction with rhamnose and acetic acid-sulphuric
acid-anis aldehyde solution (50:1:0.05) and TLC plates were heated at 80 °C till appearance
of pink-orange staining.

Dirhamnolipids were eluted with chlorophorm. The samples were centrifugated at
1500 g for 30 minutes for silica-gel removal. After centrifugation chloroform layer was
taken away and evaporated. Residue was diluted at 100 pM and rhamnolipids concentration
was determined by using orcinol-assay [5].

Rhamnosyltransferase 2 activity was analysed in P. aeruginosa cell extracts using a
rhamnosyltransferase assay specific for the addition of L-rhamnose to mono- rhamnolipid
[11]. Cells from stationary phase cultures were washed with 100 mM Tris-100 mM NaCl
buffer, pH 7, and ruptured by sonication. Whole-cell extracts were incubated with 0.5 mg of
dTDP-L-rhamnose and 1.5 mg of monorhamnolipid for 4 h at 37°C. Monorhamnolipid used
in the assay was purified fromP aeruginosa strain ATCC 9027, which lacks the ability to
produce dirhamnolipid [16]. Dirhamnolipid were separated by TLC and determined using
orcinol-assay [5]. One transferase unit corresponds to the incorporation of one nmol of
rhamnose from TDP-rhamnose into monorhamnolipid per hour.
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We have used in this work 2-heptyl-3-hydroxy-4-quinolon that was being synthesized
in ONU Biotechnological scientific-educational center, TDP-rhamnose was obtained from
PhD V. Osetrov. PQS was used at the concentrations of 40, 60 and 80 pM. While choosing
the concentrations there were used the data about physiological concentrations of

autoinducers.

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

Data are reported as the mean + standard deviation. Reliability of differences was
determined by Student’s criterion at a significance level of not less than 95% (p<0.05). All
the mathematical calculations were performed using the computer program Excel [1].

Results and Discussion

The study of kinetics of planktonic cells growth and diramnolipids biosynthesis of
control cultures of P. aeruginosa show that dirhamnolipids appear in the culture medium in
the late logarithmic growth phase - between 6 and 8 hour of cultivation (Fig. 1).

1,8 3
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Fig. 1. Kinetics of planktonic bacteria growth and diramnolipids biosynthesis of control
cultures of P. aeruginosa

The synthesis of dirhamnolipids is activated from the early stationary phase and the
content of the biosurfactants is increased fivefold up 10 to 24 hour - up 0.83 to 4.3 mg/ml.
McKnight S. et al. have demonstrated that PQS production is also initiated in early
stationary phase [6] and production of rhamnolipids are reduced in PQS-deficient mutants
[4]. All these data suggest an important role ofP aeruginosa quinolone signal in the
synthesis of biosurfactants. Therefore, we studied the effect of exogenous PQS on the
planktonic cells growth and diramnolipid biosynthesis.

Fig. 2 shows that addition of increasing concentrations of PQS did not affect the
growth of P. aeruginosa PAOI. These results are consistent with data [4] showed that of
exogenously added PQS at concentrations from 10 to 100 pM did not affect the growth of
P. aeruginosa PAOI lecA: :lux.
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Fig. 2. Kinetics of P. aeruginosa planktonic bacteria growth in presence
of quinolone signal molecule

Addition of increasing concentrations of PQS enhanced dirhamnolipids content in a
concentration-dependent manner (Fig. 3)
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Fig. 3. Kinetics of P. aeruginosa diramnolipids biosynthesis in presence
of quinolone signal molecule

Note: — distinctions are reliable as compared to control

The results presented in Fig. 3 show that the addition of PQS at concentration 80 pM
had the greatest effect on the dirhamnolipids biosynthesis. After 10 h of growth, there is
approximately 4.6 times more biosurfactant in cultures supplemented with PQS compared
with the control. After 24 hours its level in the culture medium was 20.68 mg/ml in the
presence of 80 uMPQS and 4.3 mg/ml in the absence of PQS.

In the presence of 60 pM PQS dirhamnolipids content was 11.6 mg/ml - 2.7 times
greater than the control but less than two from the result obtained at adding of 80 uM PQS.
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Further there were performed the analysis of activity of rhamnosyltransferase 2
(RhIC), which catalyses the addition of dTDP-L-rhamnose to the monorhamnolipid-
accepting molecule [3]. The study was conducted via 8,16 and 24 hours (Table).

Table
Effect of PQS on rhamnosyltransferase 2 activity
in Pseudomonas aeruginosa (units/mg protein)
8§ hour 16 hour 24 hour
Control

4.2+ 1.5 7.8+ 1.6 103+ 2.8
PQS 40 uM 59+20 103+23 16.6 2.6
PQS 60 uM 74+£18 13.8+2.7 18.7+£3.7*
PQS 80 uM 8.1x206% 17.2 +3.5% 21.5+4 1%

Note: * — distinctions are reliable as compared to control

The results indicate that the activity of RhIC increases in control cells 2.5 times during
cultivation from 8 to 24 hours. This increase in activity was not associated with increased
cell contents (Fig. 2) and due to enhanced expression of r#/C gene that encodes
rhamnosyltransferase 2. The additions of PQS at the time of inoculation are sufficient to
induce RhIC activity during the transition to stationary phase. So, after eight hours in the
presence of 40, 60 or 80 pM PQS rhamnosyltransferase 2 activity was higher at 40%, 75%
and 93%, respectively. After 24 hours this enzymatic activity was 1.6, 1.8 and 2.1 times
higher as compared with the control.

As it is known P. aeruginosa regulates the transcription of an array of genes by
quorum sensing [11]. In the case of rhamnolipids biosynthesis, the product of Rhll is the
signal butanoyl-homoserine lactone, C4-HSL, which acts as the activating ligand of the
transcriptional regulator RhIR. The RhIR/C4-HSL complex then binds to a specific
sequence in the MAB regulatory region to activate the transcription. The level of expression
of MAB is thus dependent on the local environmental concentration of this signal. The
expression of the second rhamnosyltransferase, encoded by rh/C, is coordinately regulated
with MAB by the same quorum sensing regulatory pathway. As it has been shown
previously, addition of increasing concentrations of exogenous PQS enhanced C4-HSL
levels (3.5 times more C4-HSL in presence of 60 mM PQS compared with the control) and
the transcription of certain genes in a concentration-dependent manner [4].

Therefore, PQS controls production of rhamnolipids by stimulating the RhIR/ C4-HSL
quorum sensing system. Additionally, PQS acts as inducing ligands of PqsR regulator and
PgsE, which upregulates MAB transcription [2].
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KIHETHUKA BIOCUHTE3Y IUPAMHOJIIIIAIB TA AKTUBHICTD
PAMHO3IJITPAHC®EPA3MU 2 3A IPUCYTHOCTI CUT'HAJIBHOI'O XIHOJIOHY

PSEUDOMONAS AERUGINOSA
Pedepar
Mema: Oocnioxcenns biocunmesy dipamuoninioie P. aeruginosa ATCC 15692 ma
akmuenocmi pamuoziampancghepazu 2 3a NpUCYMHOCMI €K302€HHOI CUSHANLHOT
monekynu - 2-eenmun-3-ciopokci-4-xinonony (PQOS). Memoou. Pseudomonas
aeruginosa ATCC 15692 xynomusysanu y cepedosuwi Ilcca ¢ 2% entoxosu npu 37
°C 24 200. [ocniosicenns nposodunu 6 cucmemi NIAHKMOH-Oionuieka y 48-
JayHKo6ux niaanwiemax «Nunclony. Budinenns Oipamuoninioie npogoounu 3a
suxopucmannss TIHIX na naacmunax Alugram Sil G/UV 254. [lipamuoniniou
eno6aU 3 NAACMUH
1 eusHauanu ix KiNbKICHUL 6MICM 3 0ONOMO2U OPYUHOB020 mecmy. AKmuenicmy
pamnozinmpancgepasu 2 (RhIC) awnanizysanu y 6e3K1imMuHHOMY eKcmpaxkmi 3a
peaxyiero npueoHanHs L-pamuozu 0o monopamuoninioy. 2-eenmun-3-2iopoxci-4-
Xinonon 6ys cunmeszoganuti y biomexunonoziunomy Hayko8o-HaguanbHOMY YeHMPI
OHY imeni 1. Meunuxosa. Pezynomamu. Cunmes OipamHoninioie akmugyemucs 6
KOHMPOAbHIl KyIbmypi 6 paHHio cmayionapHy a3zy i emicm Oipamuoninioie
niosuwgyemocsa n’amukpamuo mixc 10 i 24 coounamu - 3 0,83 0o 4,3 me/mn.
Buecenns spocmarouux xonyenmpayiu POS ne enausano na picm P. aeruginosa,
ane niosuwysano emicm dipamuoninioie. Yepes 10 2o0un 6in nepesuuyysas piges
KoHmpoato npubauzuo y 4,6pasu. epes 24 2o0unmu emicm Oiocypgpakmanmy 6
npucymuocmi 80 mxM PQS cmanosus 20,68 me/ mn npomu 4,3 me/mn 3a
giocymnocmi PQOS. Buecenna POS ooHouacHo 3 iHOKYIAYIEI0 CYyMMEBO iHOVKYBAIO0
akmusHicme RhIC y nopienauni 3 kommponem. Tax, uepe3 8icim 200uH 3a
npucymnocmi 40, 60 abo 80mkMPQS axmuenicms pamuoziimpancghepasu
2 6yna euwe na 40%, 75% i 93%, sionosiono. Yepesz 24 2o0unu pepmenmamusna
akmuseHicme nepesuuysana koumpoas y 1,6, 1,8 ma 2, Ipasu, ionogiowo.

Knwuosei cnoea: Pseudomonas aeruginosa Oipamuoniniou, PQS,
pamHosinmpancpepasa 2.
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KHHETHKA BUOCUHTE3A JTUPAMHOJIUIINAOB U AKTUBHOCTb
PAMHO3SMWJITPAHC®EPA3BI 2 B IIPUCYTCTBUU CUTHAJIBHOI'O XHUHOJIOHA
PSEUDOMONAS AERUGINOSA

Pegepar

Llenv: usyuenue Ouocummesa oupammuonunudos P. aeruginosa ATCC 15692 u
AKMUSHOCIU PAMHOSUTMPAHCPepaszvl 2 6 NpUCymcmeuu dK302eHHOU CUSHATbHOU
MOJIeKY1bl -

50 —— issy 2076-0558. Mixpodioanein i Siomexnonozin. 2014, M 1. C. 45-52



KIHETHEA EIOCHHTE3Y JIVPAMHOIYIIVAIB TA AKTHBHICTE PAMHO3LUTTPAHC®EPA3N 2 ...

2-eenmun-3-eudpoxcu-4-xunonona (PQS). Memoowl. Pseudomonas aeruginosa
ATCC 15692 kynomusupoganu 6 cpede l'ucca ¢ 2% enroxoszvl npu 37 °C 24 yaca.
Hccnedosanus npogoounu 8 cucmeme NIAHKMOH-OUoniénka 6 48-1yHounvix
nranwemax «Nunclony. Bvloenenue OupamHoiunuoo8 ocyuecmsisanu ¢ nOMOoubo
TCXna naacmunax Alugram Sil G/UV254. JJupamuoiunuodvl 2m10uposaiu ¢
NAACMUH U ONpeoensiu Ux KoauiecmeenHoe cooepicanue ¢ NOMoubio OpYUHO8020
mecma. Axmusnocmopamuosuimpancgepasvi 2 (RhIC) ananusuposanu 6
becknemouHoM — JIKCmpakme — No  peakyuu — npucoeouHenus  L-pammosvl
KMOHOPAMHOAUNUOY.  2-2enmui-3-2UOPOKCU-4-XUHONOH — Obll  CUHINE3UPOBAHS
Buomexnonocuueckom mayuno-yueornom yewmpe OHY umenu H.H. Meunuxosa.
Pezynvmamot. Cunmes OupamHoIunuo08 akmusupyemcs 8 KOHMpPOAbHOU Kyabmype
6 PAHHIOI0 CMAYUOHAPHYIO (ha3y U codepicanue OUPamMHOIUNUOO08 NOGbIUAEMCS
nsamuxpamno mexcoy 10 u 24 uyacamu -¢ 0,83 0o 4,3 me/mn. Buecenue
yeenuuusarowuxcsa konyeumpayuii POS wue emusano ma pocm P. aeruginosa, HO
noeuIUAno codepaicanue Ooupammorunudos. HYepes 10 wacoe omno npesvliuano
yposeHb KOHmpoas npumepHo 6 4,6 pasza. Uepez 24 wuwaca cooepocanue
ouocyppaxmanma 6 npucymemeuu 80 mxM PQOS cocmaensino 20,68 me/mn npomus
4,3 me/mn 6 omcymcemeuu PQS. Buecenue PQOS 00no8pemenno ¢ uHOKynsyuet
cyujecmgenno uHoyyuposano akmushocmo RhiC no cpasnenuro c konmponem. Tax,
uepe3 gocemv uacog & npucymcmeuu 40, 60 um 80 mxM PQOS axmusrHocmo
pamnosunmpancgepasvl 2 ovinia gviue Ha 40%, 75% u 93%, coomeemcmeento.
Yepez 24 uaca epmenmamusnas axmugHOCMb Npesbluiala KOHmMpoiv 6 1,0,
1,8u2, Ipaza, coomsemcmeento.

Knwuesvie cnoea: Pseudomonas aeruginosa, oupamuonunuowl, PQS, pamuo-
sunmpancgepasa 2.

REFERENCES

1. Jlanau C.H., Yybenxo A.B., babuu II.H. CTaTUCTHYECKHE METOIbI B MEIUKO-
OMOJIOTNYECKUX UCCIIe0BaHMAX ¢ Ucnonb3oBanueM Excel. - K.: Mopuon, 2001. - 260 c.

2. Abdel-Mawgoud A.M., Hausmann R., Lepine F., Muller M.M., Deziel E.
Rhamnolipids: Detection, Analysis, Biosynthesis, Genetic Regulation, and Bioengineering of
Production / In: G. Soberorn Charvez (ed.), Biosurfactants. From Genes to Application // Springer-
Verlag Berlin Heidelberg, 2011, VIIIL. - P. 13-55.

3. BurgerM .M., GlaserL., BurtonR.M. The enzymatic synthesis of arhamnose-
containing glycolipid by extracts of Pseudomonas aeruginosa Il J. Biol. Chem. - 1963. -V. 238. - P.
2595-2602.

4. DiggleS.P, WinzerK., Chhabra S.R., Worrall K.E., Camara M., Williams P. The
Pseudomonas aeruginosa quinolone signal molecule overcomes the cell density- dependency of the
quorum sensing hierarchy, regulates rhl-dependent genes at the onset of stationary phase and can be
produced in the absence of LasR I/ Mol. Microbiol. - 2003. -V. 50. - P. 29-43.

5. Koch A. K., Kappeli O., FiechterA., Reiser J. Hydrocarbon assimilation and
biosurfactant production in Pseudomonas aeruginosa mutants /I J. bacteriol -1991.- V. 173. -Ne 13.-
P. 4212-4219.

6 .McKnight S.L., IglewskiB.H., PesciE.C. The Pseudomonas quinolone signal regulates rhl/
quorum-sensing in Pseudomonas aeruginosa 11 J. Bacteriol. - 2000. - V. 182. - P. 2702-2708.

51

ISSN 2076—0558. MixpoSioanein i Siomexnoaonein, 2004, N 1, C. 45-52



Myxaic Abenaaadac, M.L. laakin, €.10. llaxomosa, T.0. diginosa
7. MukhlisAbedalabas, GalkinN.B., PachomovaE.Yu., Filipova TO. Influence of the
exogenous quorum sensing autoinducers on  Pseudomonas  aeruginosa  rhamnolipids
biosynthesis//Microbiology & Biotechnology. -2013. -Ne4(24). - P. 38-45.
8. Nguyen T.T., Youssef N.H., Mclnerney M.J., Sabatini D.A. Rhamnolipid
biosurfactant mixtures for environmental remediation // Water Research. - 2008. - V. 42. - P. 1735-
1743.

9. PekersS., Helvaci S.S., OzdemirG. Interface-subphase interactions of rhamnolipids in

aqueous rhamnose solutions //Langmuir. - 2003. -V. 19. - P. 5838-5845.

10. Piljac G., Piljac IT Pharmaceutical preparation based on rhamnolipid /USA Patent
Ne 5455232, 3 Oct. 1995.
11. Rahim R., Ochsner U.A., Olvera C., GraningerM., Messner P., Joseph S. Lam J.S.,

Soberon-Chavez G. Cloning and functional characterization of the Pseudomonas aeruginosa rhiC
gene that encodes rhamnosyltransferase 2, an enzyme responsible for di-rthamnolipid biosynthesis I/
Molecular Microbiology. - 2001. - V. 40(3). - P. 708-718.

12. Soberon-Chavez G., Lepine F., Deziel E. Production of rhamnolipids by
Pseudomonas aeruginosa //Appl Microbiol Biotechnol. -2005. -V. 68. -P. 718-725.
13. Vatsa P., Sanchez L., Clement C., Baillieul F., Dorey S. Rhamnolipid biosurfactants

as new players in animal and plant defense against microbes /7 Int. J. MolecularSci. -2010. -V. 11. -
P. 5095-5108.

14. Wadekar S.D., Kale S.B., LaliA.M., BhowmickD.N., PratapA.P. Microbial synthesis
of thamnolipids by Pseudomonas aeruginosa (ATCC 10145) on waste frying oil as low cost carbon
source /I Preparative Biochemistry & Biotechnology. - 2012. -V. 42. - P. 249-266.

15. Wang Q.H., FangX.D., Bai B.J., Liang X.L., Shuler P. J., Goddard W.A., Tang Y.C.
Engineering bacteria for production of rhamnolipid as an agent for enhanced oil recovery /I Biotech.
Bioeng. - 2007. - V. 98. - P. 842-853.

16. Wild M., Caro A.D., Miller R.M., Soberon-Chavez G. Selection and partial
characterization of a Pseudomonas aeruginosa mono-rhamnolipid deficient mutant I/ FEMS
Microbiol. Lett. - 1997. -V. 153. - P. 279-285.

Cratts Hazida qo pegaxuii 15.02.2014 p.

52 —— IsSN 2076-0558. Mixpobionrozia i Giomexnonozin. 2014. Ne 1. C. 45-52




