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RHAMNOLIPIDS BIOSYNTHESIS IN PSEUDOMONAS AERUGINOSA
ONU 301 IN THE PRESENCE OF EXOGENOUS SIGNALING
QUINOLONE

Aim: Discovery of the P. aeruginosa ONU 301 rhamnolipids biosynthesis and rham-
nosyltransferase 2 activity in presence of Pseudomonas aeruginosa exogenous quorum
sensing signal molecule 2-heptyl-3-hydroxy-4-quinolon (PQS). Methods. Pseudomonas
aeruginosa ONU 302 were cultured in the Giss medium with 2% glucose at 37°C 24 h. All
discoveries were performed in «plancton-biofilm» system with using of the «Nunclon» 48-
well plates. Di- and monorhamnolipids separation conducted by TLC methods and its
content was determined by 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. Results. After 16 h of growth, there is approximately 4.2
times more biosurfactant in cultures supplemented with PQS compared with the control.
After 24 hours its level in culture medium was 16.0 mg/ml in the presence of 80 pM PQS and
3.7 mg/ml in the absence of PQS. The dirhamnolipids content in control culture after 8 hours
was less than the monorhamnolipids. But after 24 hours its level was in 2.86 time higher. The
dirhamnolipid/monorhamnolipid ratio increased 24 hours later in 1.25; 1.55 and 2.25 times
in presence of40, 60 and 80 pM signaling quinolon concentration, respectively. The
additions of PQS at the time ofinoculation 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 1.5, 1.9 and 2.2 times higher as compared with the
control. After 24 hours this enzymatic activity was higher at 45%, 85% and 110%,
respectively. Conclusion. It is concluded that, Pseudomonas aeruginosa quorum sensing
signal molecule 2-heptyl-3-hydroxy-4-quinolon (PQS) can be used in biothechnology to
increase the yield of biosurfactants and enrich them with dirhamnolipids
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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 P-
hydroxydodecanoyl-P-hydroxydodecanoat. Dirhamnolipids are more soluble in water
and posses the highest emulsifying and antitumor activity [9].
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We have previously shown that the exogenous signal quinolon (PQS) increased
rhamnolipids biosynthesis and dirhamnolipid/monorhamnolipid ratio in P. aeruginosa
PAO1, and hypothesized that it could activate rhamnosyltransferase 2 [7].

Three enzymatic reactions are required in the final steps of rhamnolipids bio-
synthesis in P. aeruginosa [12]: 1) RhIA 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, Yyielding monorhamnolipids; 3) these monorhamnolipids are in turn the
substrates, together with dTDP-L-rhamnose, of the RhIC rhamnosyltransferase 2 to
produce dirhamnolipids. Unfortunately, few works have characterized these three
enzymes [2, 11].

The aim of this study was discovering of Pseudomonas aeruginosa ONU 301
rhamnolipids biosynthesis and rhamnosyltransferase 2 activity in presence of the
exogenous quorum sensing signal molecule 2-heptyl-3-hydroxy-4-quinolon (PQS).

Materials and Methods

Bacterial strain P. aeruginosa ONU 301 used in this study was obtained from
cultures collections of Department of Microbiology, Virology and Biothechnology of
Odesa National Mechnykov University.

All researches were performed in «plancton-biofilm» system with using of the
«Nunclon» 48-well plates. P. aeruginosa ONU 301 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 at 37 °C. Optical density of
cultures (X 540 nm) and rhamnolipids content were determined after 8, 16 and 24 hours.

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 pink-orange staining appearance.

Di- and monorhamnolipids were eluted with chlorophorm. The samples were
vortexed at 1500 g for 30 minutes for silica-gel removal. After centrifugation chlo-
roform layer was taken away and evaporated. Residue was diluted at 100 pM and
rhamnolipids concentration were determined using orcinol-assay [4]. Dirhamnolipids/
monorhamnolipids ratio was calculated taking monorhamnolipids content as 1 unit.

Rhamnosyltransferase 2 activity was analysed in P. aeruginosa cell extracts using
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]. Dirhamnolipids were
separated by TLC and determined using orcinol-assay [4]. One transferase unit
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corresponds to the incorporation of one nmol of rhamnose from TDP-rhamnose into
monorhamnolipid per hour. The total protein content of the whole-cell extracts was
determined by using the Lowry method [5].

We used in this work 2-heptyl-3-hydroxy-4-quinolon that was synthesizing in ONU
Biotechnological scientific-educational center, TDP-rhamnose was obtained from PhD V.
Osetrov. PQS was used at concentrations of 40, 60 and 80 pM. Data about physiological
concentration of autoinducers were used while concentrations choosing.

All 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
mathematics calculations were performed using the computer program Excel.

Results and Discussion

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
[3]. All these data suggest an important role of P. aeruginosa quinolone signal in the
synthesis of biosurfactants. Therefore, we studied the effect of exogenous PQS on the
planctonic cells growth and ramnolipids biosynthesis.

The results show that addition of increasing concentrations of PQS does not affect
the growth of P. aeruginosa ONU 301. These results coincide with data [3] showed that of
exogenously added PQS at concentrations from 10 to 100 pM do not affect the growth of P.
aeruginosa PAOI lecA::lux.

Addition of increasing concentrations of PQS enhanced rhamnolipids content in a
concentration-dependent manner (Fig.).
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Fig. Kinetics of P aeruginosa ONU 301 rhamnolipids biosynthesis in presence
of quinolone signal molecule

Note: - distinctions are reliable as compared to control
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The results presented in Fig. show that the addition of PQS at concentration 80 uM
had the greatest effect on the rhamnolipids biosynthesis. After 16 h of growth, there is
approximately 4.2 times more biosurfactant in cultures supplemented with PQS
compared with the control. After 24 hours its level in culture medium was 16.0 mg/ml
in the presence of 80 pM PQS and 3.7 mg/ml in the absence of PQS.

In the presence of 60 pM PQS rhamnolipids content was 8.2 mg/ml - 2.2 times
greater than the control but less than 2 times from result obtained at adding of 80 uM
PQS.

The exogenous signal quinolon not only increased total rhamnolipids biosynthesis,
but also dirhamnolipid/monorhamnolipid ratio in P. aeruginosa ONU 301. The data
presented in Table 1 show that dirhamnolipids fraction increases with the time of
cultivation and that P. aeruginosa ONU 301 show greatly influences on the
dirhamnolipids biosynthesis at concentration 80 puM.

Table 1
Effect of PQS on dirhamnolipids/monorhamnolipids ratio

& hour 16 hour 24 hour
Control

0.7:1 14:1 20:1
PQS 40 uM 1.4:1 20:1 28
PQS 60 uM 1.4:1 2.1 1% 3.1:1*
PQS 80 uM 1.7: 1% 3.2: 1% 45 1%

Note: Dirhamnolipids/monorhamnolipids ratio was calculated taking monorhamnolipids content as 1 unit;
* - distinctions are reliable as compared to control

The dirhamnolipids content in control culture after 8 hours was less than the
monorhamnolipids. But after 24 hours its level was in 2.86 time higher. The dirham-
nolipid/monorhamnolipid ratio increased 24 hours later in 1.25; 1.55 and2.25 times in
the presence of 40, 60 and 80 uM signaling quinolon concentration, respectively. Thus,
the PQS increases the proportion of dirhamnolipids in the total biosurfactants mixture
which is synthesized by P. aeruginosa ONU 301.

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 [2]. The study was conducted via 8, 16 and 24 hours of cultivation
(Table 2).

The results indicate that the activity of RhIC increases in control cells 2.7 times
during cultivation from 8 to 24 hours. This increase in activity is not associated with
increased cell contents but due to enhanced expression of rhIC 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
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in the presence of 40, 60 or80 uM PQS rhamnosyltransferase 2 activity was 1.5,1.9 and 2.2
times higher as compared with the control. After 24 hours this enzymatic activity was higher at
45%, 85% and 110%, respectively.

Table 2
Effect of PQS on rhamnosyltransferase 2 activity
in Pseudomonas aeruginosa ONU 301 (units/mg protein)

, e 8 hour 16 hour 24 hour
Variant
Control 29+£07 56+09 78+£23
PQS 40 uM 43+£12 7.8+1.3 11.3+2.4
PQS 60 uM 56=+1.1 10.1£1.8 145+£29%
PQS 80 uM 6.5+ 2.0% 126 £2.2% 16.4+3.1%

Note: * — distinctions are reliable as compared to control

We have previously shown that exogenous PQS has the same effect on the
rhamnolipids biosynthesis of other strains of P. aeruginosa [7]. 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 rhIC, 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 the presence of 60 pM PQS compared with the control) and the
transcription of certain genes in a concentration-dependent manner [3].

Therefore, PQS controls production of rhamnolipids by stimulating the RhIR/ C4-
HSL quorum sensing system. Additionally, PQS act as inducing ligands of PgsR
regulator and PgsE which upregulates MAB transcription [1].

It is concluded that, Pseudomonas aeruginosa quorum sensing signal molecule 2-
heptyl-3-hydroxy-4-quinolon (PQS) can be used in biothechnology to increase the yield
ofbiosurfactants and enrich them with dirhamnolipids.
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BIOCHUHTE3 PAMHOJIIIIAIB PSEUDOMONAS AERUGINOSA ONU
301 3A TIPUCYTHOCTI EK3OI'EHHOI'O CUTHAJIBHOI'O
XIHOJIOHY

Pedepar

Mera: docrioxcennsn Giocunmesy pamnoninioie P. aeruginosa ONU 301 ma axmuenocmi
pamuosunmpancgepasu 2 3a npucymHoCcmi eK302eHHOI CUSHANLHOI MONEKYAU - 2-2enmui-3-
ciopokcu-4-xinonony (PQS). Meroxu. Pseudomonas aeruginosa ONU 301 kyremusysanu y
cepedosuwyi l'icca ¢ 2% aniokoszu npu 37 °C 24 200. Jocniocenna npogoounu 6 cucmemi
naankmon-oionnieka y 48-1ynkosux nianwemax «Nunclon». Budirenns Ooupamnoniniois
nposodunu 3a euxopucmarnns THIX na nracmunax Alugram Sil G/UV 254. Jupammuoniniou
eno6anu 3 NIACMUH | 8USHAYANU IX KIMbKICHUL 6MICM 34 OONOMO2U OPYUHOBO2O MECT).
Axmusnicmopam- nosunmparncgepasu 2 (RhIC) ananizysanu y 6esknimunnomy excmparxmi
3a peakyicio npueonanns L-pamnoszu 00 monopammoninioy. 2-eenmui-3-2iopokcu-4-xinonon
6y6 cunmesosanuu y biomexnonoziunomy naykogo-naguanvromy yenmpi OHY imeni 11
Meunukosa. Pesyabtatn. Yepes 16 cooun emicm pamuoninioie nepesuuyysag pigeHs
Koumponio npubauzno y 4,2 pasu. Uepez 24 co0unu emicm 6iocypghakmanmie &
npucymuocmi 80 mxMPQS cmanosus 16,0 me/mn npomu 3,7 me/mn 3a éiocymnocmi PQS.
Bmicm Oupammnoninioie 'y KOHMpOIbHIl Kyibmypi uepe3 8 200 0Oy8 MeHWUM HixC
MOHOPAMHONINIOIE, ¥y MO dce uac, uepe3 000y 1020 pieeHv 0ye Oinvuum y 2,86pasy.
Cni6giOHOWEHHS OUPAMHONINIO/MOHOPAMHONINIO uepe3 24 200 nidsuwysanocs y 1,25; 1,55
ma 2,25pazy 3a npucymuocmi 40, 60 i 8OmxMcuenanoro2o XiHoaoHy, 8i0nosiono. Buecenns
PQS oonouacno 3 inoxynayiero cymmeeo inoyxkyeano axmuenicmo RhIC y nopienanni 3
xoumponem. Tak, uepes gicim 2ooun 3a npucymuocmi 40, 60 abo 80 mxM PQS axmuenicme
pamuosunmparcgepasu 2 spocmana y 1,5; 1,9 i 2,2 pazu y nopisusanni 3 konmponem. Yepes
24 200unu pepmenmamuena akmusHicmy nepesuyyeala KoHmpors Ha 45%, 85% ma 110%,
6ionosiono. Bucuosku. Cuenanvruti xinonon Pseudomonas aeruginosa (PQS) moorce 6ymu
suxopucmanuil 6 6iomexnonoeii 01 niosuujerts 6uxody biocypgaxmanmis ma 30a2auenus
ix cymiwi oupammnoninioamu.

Knwuosi croea: Pseudomonas aeruginosa OUPAMHORINIOU, PQS,
pamnosinmpancpepasa 2.
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BUOCHHTE3 PAMHOJIMIINOB PSEUDOMONAS AERUGINOSA
ONU 301 B ITPUCYTCTBHUHU DK30I'EHHOI'O CUTHAJIBHOI'O
XUHOJIOHA

Pedepar

Hean: usyuenue 6uocunmesapamuonunuoos P. aeruginosa ONU30! u axmuenocmu
pamuozunmpancgepaszvl 2 ¢ RPUCYmMCmeuy IK302eHHOU CUSHATHOU MOLEKYIbL - 2-2enmuii-3-
auopoxcu-4-xunonona  (PQS). Meroanl. Pseudomonas aeruginosa ONU 301
Kynomueupoganu 6 cpeoe lucca c 2% emoxozvl npu 37°C 24 uaca. Hccneoosanus
npogoounu 6 cucmeme NIAHKMOH-OUONIEnKa 6 48-1ynounvix naanwemax «Nunclony.
Buvioenenue oupamnorunudos ocywecmensinu ¢ nomowvto TCX na naacmunax Alugram Sil
G/UV 254. Jupamuonunudwvl s1i0upoganu ¢ RAACMUH U ORPeOeIsIU UX KOIUYECMEEHHOE
cooepaicanue ¢ NOMOWbIO OPYUHOB020 mecmd. AKmueHocmv pamuosurmpancgepaszol 2
(RhIC) ananusuposanu ¢ 6Geckremounom skcmpakme no peakyuu npucoeounenus L-
PAMHO3bl K MOHOPAMHOIUNUOY. 2-2enmui-3-2u0poKcu-4- XuHONOH Obll CUHME3UPOBAH &
Buomexnonocuueckom  nayyno-yyeonom yewmpe OHY umenu WM. Meunuxosa.
Pesyabtatel. Yepes 16 uacos cooepoicanue pamHoIunuo08 npeuiudio ypo8eHs KOHMpPOJis.
npumepnro 6 4,2 pasa. Uepesz 24 uaca codepacanue 6uocypgpaxmanmos ¢ npucymemeuu 80
mrM PQS cocmasnsno 16,0 me/mn npomue 3,7 me/mn 6 omcymemeuu PQS.

Cooeporcanue OupamHoaunuo08 8 KOHMPOAbHOU Kyibmype yepe3 8 4acos Oblio MEeHbULUM
yemM MOHOPAMHOIUNUOOS, 8 MO Jice BPEMS, Yepe3 CYMKU e20 ypogeHsb buln eviuie ¢ 2,86pasa.
Coomuowerue OupamHoIunud/MoHOpamHoaunuo yepes 24 waca ysenuuueanocs 6 1,25; 1,55
u 2,25 pasa ¢ npucymcemesuu 40, 60 u 80mxM cucnanvbho2o Xumo- 10HA, COOMBEMCMBEEHHO.
Brecenue PQS oonospemenno ¢ unokynsayueil CywecmeeHHo UHOVYUPOBANO AKMUSHOCHb
RhIC no cpasnenuio ¢ xonmponem. Tak, uepesz socemv uacos 6 npucymemeuu 40, 60 u 80
mrM PQS axmusnocmo pamnosunmparncgepasuvl 2 nosviwanacsy 6 1,5; 1,9 u 2,2 pasza. Yepes
24 uaca ¢hepmenmamusHas aKmusHOCMb npesviuala KoHmponv wa 45%, 85% u 110%,
coomeemcmeenno. BwmBoabl. Cucnanvnuii xunonon Pseudomonas aeruginosa (PQS)
Mooicem Obimb UCNONB306AH 8 OUOMEXHOIO2UU O/l NOGBIUIEHUS. 8bIX00d DUOCYPHAKMAHMOE
u obozawenus ux cmecu OUPAMHOTUNUOAMU.

Knwueevie cnoea: Pseudomonas aeruginosa, oupammorunudei, PQS, pammo-
sunmpaucghepasa 2.

21

ISSN 2076—0558. MixpoGioacein i Giomexnoroeis, 2014, M |, C. 15-23



mailto:tphilippova@onu.edu.ua

Myxaic Abesasadac, M.b. l'nmin, T.0. dininosa

REFERENCES

1. Abdel-Mawgoud A.M., Hausmann R., Lépine F., Miller M.M., Déziel E.
Rhamnolipids: Detection, Analysis, Biosynthesis, Genetic Regulation, and Bioengi-
neering of Production / In: G. Soberorn-Charvez (ed.), Biosurfactants. From Genes to
Application// Springer-VerlagBerlinHeidelberg. -2011. -VIII. - P. 13-55.

2. Burger M.M., Glaser L., Burton R.M. The enzymatic synthesis of a
rhamnose- containing glycolipid by extracts of Pseudomonas aeruginosa Il J. Biol.
Chem. - 1963. -V. 238. - P. 2595-2602.

3. Diggle S.P, Winzer K., 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 Il Mol.
Microbiol. - 2003. - V. 50.-P. 29-43.

4, Koch A. K., Kappeli O., FiechterA., Reiser J. Hydrocarbon assimilation
and biosurfactant production in Pseudomonas aeruginosa mutants. Il J. Bacteriol. -
1991. -V. 173.-P. 4212-4219.

5. Lowry O.H., RosebroughN.J., FarrA.L., RandallR.J. Protein
measurement withtheFolinphenol reagent// J. Biol. Chem. - 1951. -V. 193. -P. 265-275.
6. McKnight S.L., Iglewski B.H., PesciE.C. The Pseudomonas quinolone

signal regulates rhl quorum-sensing in Pseudomonas aeruginosa Il J. Bacteriol. - 2000. -
V. 182. - P. 2702-2708.

7. MukhlisAbedalabas, GalkinN.B., PachomovaE.Yu., Filipova T.O.
Influence of the exogenous quorum sensing autoinducers on Pseudomonas aeruginosa
rham- nolipids biosynthesis II Microbiol. & Biotechnol. -2013. - V. 4(24). - P. 38-45.

8. Nguyen T.T., Youssef N.H., Mclnerney M.J., Sabaiini D.A. Rhamnolipid
biosurfactant mixtures for environmental remediation |l Water Research. - 2008. - V. 42.
- P.1735-1743.

9. Peker S., Helvaci S. S., OzdemirG. Interface-subphase interactions of
rham- nolipids in agueous rhamnose solutions Il 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-rhamnolipidbiosynthesis //Mol. Microbiol. - 2001. -V. 40. - P. 708-
718.

12, Soberon-Chavez G., LepineF., DezielE. Production of rhamnolipids by
Pseudomonas aeruginosa Il Appl. Microbiol. Biotechnol. - 2005. - V. 68. - P. 718-725.
13. VatsaP., SanchezL., Clement C., BaillieulF., DoreyS. Rhamnolipid

biosurfactants as new players in animal and plant defense against microbes Il Int. J. Mo-
lecularSci.-2010. -V. II.-P. 5095-5108.
14, Wadekar S.D., Kale S.B., Lali A.M., BhowmickD.N., PratapA.P.

22 —— [S8N 2076—-0558. Mixpobioaoeis i Giomexnoaroeis. 2014, M [, C. [5-23



BIOCUHTE3 PAMHOJULIB PSEUDOMONAS AERUGINGSA ONU 301 ...
frying oil as low cost carbon source Il Prep. Biochem. & Biotechnol. - 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 //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 //FEMS Microbiol. Lett. - 1997. -V. 153.-P. 279-285.

Cratts Hagiinuia go peaakuii 01.06.2014 p.

ISSN 2076-0558. MixpoSionoesis i Giomexnoioein, 2014. M 1. C. 15-23 —— 23




	RHAMNOLIPIDS BIOSYNTHESIS IN PSEUDOMONAS AERUGINOSA ONU 301 IN THE PRESENCE OF EXOGENOUS SIGNALING QUINOLONE
	БІОСИНТЕЗ РАМНОЛІПІДІВ PSEUDOMONAS AERUGINOSA ONU 301 ЗА ПРИСУТНОСТІ ЕКЗОГЕННОГО СИГНАЛЬНОГО ХІНОЛОНУ
	БИОСИНТЕЗ РАМНОЛИПИДОВ PSEUDOMONAS AERUGINOSA ONU 301 В ПРИСУТСТВИИ ЭКЗОГЕННОГО СИГНАЛЬНОГО ХИНОЛОНА

