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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 ATCC 15692 dirhamnolipids biosynthesis and rham-
nosyltransferase 2 activity in the presence of Pseudomonas aeruginosa exogenous
quorum sensing signal molecule 2-heptyl-3-hydroxy-4-quinolon (PQS). Methods. Pseu-
domonas aeruginosa ATCC 15692 were cultured in the Giss medium with 2% glucose
at 37 °C for 24 h. All the discoveries were performed in «plancton-biofilmy system with
using of the «Nunclony 48-well plates. Dirhamnolipids separation conducted by TLC
methods on Alugram Sil G/UV 254 TLC plates. 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. Results.
The synthesis of dirhamnolipids in control culture 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. Addition of increasing concentrations of POS 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 PQOS and 4.3 mg/ml in the absence of PQOS.
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 uM 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.
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Pseudomonas aeruginosa rhamnolipids have a wide spectra of biological ac-
tivity, 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
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B-hydroxydodecanoyl-f-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 hypoth-
esized that it was able to activate rhamnosyltransferase 2 [7].

Three enzymatic reactions are required in the final steps of rhamnolipids bio-
synthesis 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 RhIC 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 (A 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 NacCl 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 from P. 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 syn-
thesized 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
uM. 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 5

1.6 T T T T T F
'

14 ra . T: -4

wl/ P
wl ] 4

T
Dirhamnolipids, mg/ml

—— Growth, ODsy

0 2 4 6 8 10 12 14 16 18 20 22 2
Time, h

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 of P. 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 PAO1. These results are consistent with data [4] showed
that of exogenously added PQS at concentrations from 10 to 100 uM did not affect
the growth of P. aeruginosa PAO1 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 uM 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 uM PQS and 4.3 mg/ml in the absence of PQS.

In the presence of 60 uM 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
42+1.5 7.8+1.6 10.3+2.8
PQS 40 uM 59+2.0 10.3+2.3 16.6 2.6
PQS 60 uM 7.4+1.8 13.8+2.7 18.7 £3.7*
PQS 80 uM 8.1 +2.6* 17.2 £3.5% 21.5+£4.1*

Note: * — distinctions are reliable as compared to control

The results indicate that the activity of RhlC 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 74/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 uM 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 rh/AB regulatory region to activate the transcription. The
level of expression of 7hlAB is thus dependent on the local environmental concentra-
tion of this signal. The expression of the second rhamnosyltransferase, encoded by
rhlC, is coordinately regulated with 72/AB 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 thamnolipids by stimulating the RhIR/
C4-HSL quorum sensing system. Additionally, PQS acts as inducing ligands of PqsR
regulator and PqgsE, which upregulates 74/4B transcription [2].
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KIHETUKA BIOCUHTE3Y JUPAMHOJIIIIAIB TA AKTUBHICTb
PAMHO3UITPAHC®EPA3H 2 3A IIPUCYTHOCTI CUTHAJIBHOT'O
XIHOJIOHY PSEUDOMONAS AERUGINOSA

Pedepar

Merta: docnidocennsn 6iocunmesy Oipamuoninioie P. aeruginosa ATCC 15692 ma
aKmMu8HOCMIi pamHo3iImpancgepasu 2 3a NPUCYMHOCMI eK302eHHOI CUCHAbHOT
monexkynu — 2-eenmun-3-2iopokci-4-xinonony (PQOS). Meroau. Pseudomonas
aeruginosa ATCC 15692 kynemusysanu y cepedosuwyi I'icca ¢ 2% aniokosu npu 37°C
24 200. [ocnioxcenus npogoounu 8 cucmemi NAAHKMOH—0IoNieKka y 48-1yHKo8ux
nranwemax «Nunclony. Budinennsa dipamuoninioie nposoounu 3a UKOPUCAHHS
TLIX na nnacmunax Alugram Sil G/UV 254. Hdipamuoniniou enoroganu 3 niacmuH
i 8usHauanu ix KiMbKICHUL 8Micm 3a 0ONOMO2U OPYUHO8020 mecmy. Akmuenicmo
pamnozinmparcgepasu 2 (RhIC) ananizysanu y 6e3xaimuHHOMY eKCIpaKmi 3a peakyicto
NPUEOHAHH L-pamHO3U 00 MOHOPAMHONINIOY. 2-eenmui-3-2i0poKci-4-XiHonoH 0)6 CuH-
me3oeanutl y biomexnonoziunomy naykoso-naguanvuomy yeumpi OHY imeni I.1. Meu-
nukosa. Pesynbraru. Cunmes 0ipamuoninioie akmugyemscs 8 KOHMPOLbHIL KVIbIypi
8 PAHHIO CIAYIOHApHY a3y i emicm JIpamMHONINIOI8 NIOBUYEMbCA N AMUKDATNHO
mioie 107 24 eoounamu — 3 0,83 00 4,3 me/mn. Buecernts 3pocmaroyux KOHYeHmpayit
PQOS ne enausano na picm P. aeruginosa, aie nioguuyeano emicm OipamHoniniois.
Yepes 10 co0un 6in nepesuifysas pigeHb KOHMpono npubnusHo y 4,6 pasu. Yepesz 24
200uHu emicm oiocypgpaxmanmy 6 npucymuocmi 80 mxM PQOS cmanosus 20,68 me/
mn npomu 4,3 me/mn 3a eiocymuocmi POS. Brecenns POS 00HouacHo 3 iHOKYIAYIEN
cymmeso iHoykysano akmugnicmo RhIC y nopienanni 3 konmponem. Tax, uepes gicim
200uH 3a npucymuocmi 40, 60 abo 80 mxM PQOS akmuericme pamHosinmpancgepasvl
2 oyna suwe na 40%, 75% i 93%, sionogiono. Yepesz 24 2o0unu gpepmenmamusna
akmusHicms nepesuuiysaia konmpoias y 1,6, 1,8 ma 2,1 pasu, 6ionogiowo.

Knwuoei cnosea: Pseudomonas aeruginosa dipamuoniniou, PQS,
pamuosinmparcgepasa 2.
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KNHETUKA BUOCHUHTE3A TUPAMHOJIMIINIOB 1
AKTUBHOCTb PAMHO3UJITPAHC®EPA3bI 2 B IPUCYTCTBUU
CUT'HAJIBHOI'O XUHOJIOHA PSEUDOMONAS AERUGINOSA

Pedepar
Heas: usyyenue 6uocunmesa oupamuonunudos P. aeruginosa ATCC 15692 u akmug-
HOCIMU PAMHO3UTMPAHChepasvl 2 6 nNPpUCymcmeuul IK302eHHO CUSHATLHON MOTEK) bl —
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2-eenmun-3-eudpoxcu-4-xunonona (POS). Metonwl. Pseudomonas aeruginosa ATCC
15692 kynemusuposanu 6 cpede L'ucca ¢ 2% emoxoswl npu 37 °C 24 waca. Hccnedosanus
nPoOBOOUIU 6 CUCHeMe NIAHKMOH—OUONIEHKA 6 48-1ynounvix nianuemax « Nunclony.
Buwioenenue oupammonunudos ocywecmensiau ¢ nomowgpto TCX na nnacmunax Alugram
Sil G/UV 254. Jlupamuonunuosl smouposaiu ¢ naacmut u Onpeoeisiiu Ux KOIuiecmeeH-
HOe co0epaIcaniie ¢ ROMOWbIO OPYUHOBO20 mecmd. AKMUeHOCMb paMHO3UTMpanchepa-
361 2 (RhIC) ananusuposanu 6 beckiemoynom skcmpaxme no peakyuil npUcoeOUHeHus.
L-pammo3vl K MOHOPAMHOUNUOY. 2-2enmuit-3-2UOPOKCU-4-XUHONOH ObLT CUHME3UPOBAH
6 Buomexnonocuueckom nayuno-yueonom yenmpe OHY umenu U.U. Meunuxosa.
Pesyabrarbl. Cunmes OupamHoIunuo08 akmugupyemcsi 6 KOHmMpOabHOU KyIbnype 6
PAHHIOI0 CMAYUOHAPHYIO A3y U COOEPIHCAHUE OUPAMHOTUNUIOE NOGBIULACTNCSL NAMU-
kpamuo mexncoy 10 u 24 wacamu — ¢ 0,83 00 4,3 me/mn. Bruecenue yseruuusarowuxcs
konyenmpayuu POS ne enusno na pocm P. aeruginosa, Ho nogviwiano cooepoicanue
oupamnonunudos. Yepes 10 uacos ono npesvluiano yposenb KOHMPOIs NPUMEPHO 6
4,6 paza. Yepes 24 uaca codepocanue ouocyppaxmanma 6 npucymcemeuu 80 mxM
PQOS cocmasnsno 20,68 me/mn npomus 4,3 me/mn 6 omcymemeuu PQOS. Buecenue
PQOS oonospemento ¢ unoxynsyueil cyujecmeenno uHOyyuposano akmuenocms RhlC
no cpasnenuto ¢ konmponem. Tax, uepes ocemwv uacog ¢ npucymemesuu 40, 60 wiu
80 mxM PQOS axmuenocmo pamuosurmpancgepasol 2 ovira eviwe na 40%, 75% u
93%, coomeemcmesenno. Yepes 24 uaca pepmenmamugnas akmugHoCms npegululaia
Konmponw 6 1,6, 1,8 u 2,1 paza, coomeemcmeenHo.

Knwuesvie crnoea: Pseudomonas aeruginosa, oupamuonunuowsi, PQOS, pamno-
surmpancepasa 2.
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